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Frontis piece. — Diseased  Napier  grass  and  disease-resistant  strains  developed  at 
this  station:  A,  Standard  Napier  ivhich  has  completely  collapsed  due  to  disease; 
B,  left,  standard  Napier  and  right,  a  robust  N apier-M erker  hybrid  'which  is 
resistant;  C,  fine-stemmed,  resistant  Merker  grass  ivith  rather  hard,  unpalatable 
stems;  D,  hybrid  Napier-Merker  strain  ivhich  is  resistant  but  has  broad  leaf 
and  soft  stems ;  E,  station  ivorkers  preparing  resistant  planting  material  for  free 
distribution  to  ranchers  and  dairymen;  and  F,  bundles  of  planting  material 
ready  to  be  shipped  to  groovers. 


Introduction 


The  Hawaii  Agricultural  Experiment  Station  is  the  agricultural 
research  division  of  the  University  of  Hawaii.  Its  function  is  to 
develop  the  agricultural  resources  and  opportunities  of  the  Territory. 

The  research  activities  of  the  station  are  conducted  in  the  labora- 
tories and  on  the  farm  at  the  University,  at  the  three  branch  stations 
on  Oahu.  Maui,  and  Hawaii,  and  in  cooperation  with  plantations, 
ranchers,  and  farmers  at  strategic  points  throughout  the  Territorw 
Thus  the  station  is  able  to  study  agricultural  problems  and  to  solve 
them  both  in  the  laboratory  and  in  the  field.  Indeed,  much  of  the 
research  of  the  station  and  consequently  its  direct  value  would  be 
imjiossible  without  the  cuoiJeration  and  financial  suii])ort  of  numerous 
individuals  and  corporations. 

Striking  examples  of  cooperative  efi^^ort  which  have  yielded  results 
of  great  value  are  the  beef-cattle  feeding  trials  (  fig.  2  ) .  During  the  past 
6  \ears  it  has  been  conclusivel}'  demonstrated  that,  under  reasonably 
good  range  conditions,  the  feeding  of  supplementar\'  molasses  is  ad- 
vantageous. Molasses  has  been  found  to  have  a  value  of  $8  to  $12  per 
ton  in  terms  of  increased  beef  produced.  Whether  or  not  the  results 
of  these  tests  conducted  at  Kapapala  ranch,  W'aianae  comi)any,  and 
W'aialua  agricultural  company  are  solely  responsible,  it  nevertheless 
has  been  found,  in  a  recent  survey,  that  the  feeding  of  molasses  to 
beef  cattle  has  trebled  from  1,228  tons  in  1938  to  3,628  tons  in  1940. 

The  value  of  these  experiments  is  not  alone  in  the  fact  that  a  local 
byjiroduct  can  be  fed  profitably,  thus  reducing  the  dependence  of  local 
animal  industries  on  mainland  feeds.  The  findings  are  being  extended 
further.  For  example,  another  plantation  byproduct,  the  trash  brought 
to  the  mill  in  grab-harvesting,  after  passing  through  the  washer,  ma\- 
be  fed  to  dairy  and  beef  cattle  with  molasses  supplement.  Cooperative 
experiments  are  now  in  progress  to  determine  the  value  of  these  mate- 
rials in  dry-lot  feeding.  If  they  are  successful,  it  is  quite  possilile  that 
beef  and  dairy  production  in  the  Territory  may  be  considerably 
increased,  at  a  profit  to  plantations,  cattlemen  and  dairymen,  and  the 
general  jmblic  alike. 

The  macadamia  nut  brings  to  mind  other  cooperative  ex])eriments 
from  which  growers  and  the  Territor\'  will  benefit.  One  hundred  or 
more  acres  (jf  land,  owned  bv  various  coojierators,  have  been  ])lanted 


Fi{/ure  I. — A>-xt'  laboratory  fa- 
cilities of  the  nutrition  division. 


to  the  80  varieties  selected  from  among  60,000  or  more  bearing  seed- 
ling trees.  After  4  to  8  3'ears  it  should  be  possible  to  select  from  among 
these  80  varieties  the  ones  that  are  best  adapted,  highest  yielding,  and 
of  best  quality. 

The  Oahu  sugar  company  has  for  a  number  of  years  furnished 
land  and  water  to  the  station  for  cultvu^al,  breeding,  and  variety  tests 
of  vegetable  crops  and  for  disease-  and  insect-control  investigations. 
These  are  1)ut  a  few  of  the  numerous  instances  of  how  the  facilities 
of  the  station  have  been  augmented  to  undertake  investigations  which 
otherwise  would  not  be  possible  and  which  are  continuously  yielding- 
dividends  to  the  Territory. 

The  station  itself  is  at  present  so  limited  in  personnel,  land,  and 
funds  that  many  types  of  field  experiments,  which  require  accurate 
controls  and  constant  su]3ervision,  are  not  possible.  It  is  hoped  that 
additional  land  and  greater  support  can  be  given  to  the  station  for 
these  important  investigations. 

Interest  continues  to  develop  in  food  and  feed  crops  which  could 
be  produced  on  a  subsistence  or  emergency  basis.  While  the  greater 
proportion  of  the  efforts  of  the  station  have  been  and  still  are  directed 
toward  developing  diversified  crops  still  the  subsistence  and  local 
market  crops  have  not  been  neglected.  The  station  is  in  a  better  posi- 
tion than  ever  before  to  render  valuable  aid  should  an  emergency 
program  be  forced  upon  the  Territory.  Varieties,  seasonal  and  cli- 
matic adaptability,  irrigation  and  cultural  requirements  of  lettuce, 
peppers,  carrots,  beans,  beets,  and  many  other  of  the  smaller  crops 
have  been  surveyed. 

The  frontispiece  of  this  report  illustrates  a  contribution  of  the 
station  which  cannot,  perhaps,  be  measured  in  dollars  but  which 
nevertheless  may  contribute  to  the  well-being  of  every  person  in  the 
Territory.  Napier  grass  is  our  most  important  forage  crop  as  well  as 
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a  valualile  jiastiire  and  range  grass.  The  station  in  1934  undertook  to 
develoi)  higher  yielchng,  more  ]xilatahle,  and  more  nutritious  strains 
of  tliis  grass.  After  close  observation,  testing,  and  rigid  selection, 
a  number  of  new  strains  were  ready  for  distribution  when  in  1939  an 
e\e-spot  disease,  new  to  the  Territor\-,  ajjpeared  and  destroyed  large 
fields  of  standard  Xai)ier  grass.  Man\-  of  the  new  strains  were 
attacked  but  others  were  found  to  be  highly  resistant  when  standard 
Napier  right  next  to  them  was  practically  killed  out.  Ranchers,  and 
especially  dairymen,  were  facing  an  emergency,  and  the  station  and 
Extension  Service  immediately  arranged  to  i)ut  large  (|uantities  of 
])lanting  material  of  the  resistant  strains  into  their  hands. 

Disease  resistance  is  uncertain,  however,  for  it  is  known  that 
disease  organisms  often  change  or  mutate  and  are  then  able  to  attack 
strains  of  the  host  jilant  that  formerly  were  resistant.  The  bean-rust 
organism  is  an  exani])le.  Apparently  dvn-ing  the  past  year  a  new  strain 
has  developed  here  or  has  been  introduced,  for  varieties  of  beans  for- 
merly resistant  are  now  found  to  be  susceptible.  Thus  varieties  of 
beans  resistant  to  the  new  rust  organism  must  be  found  or  developed. 
It  is  ho])ed  that  another  form  of  the  Napier  disease  will  not  ap])ear. 
The  station,  realizing  the  im])ortance  of  this  plant,  has  attem])ted  to 
prepare  for  any  contingency  b\'  requesting  permission  of  the  Board  of 
Commissioners  of  Agriculture  and  Forestry  to  introduce  resistant 
strains  of  Napier  from  Florida,  where  e\e-spot  disease  has  been  jjrev- 
alent  for  many  years  and  where  various  types  of  the  disease  may  have 


Figure  2. — Cno pnativr  rxprrimrrits  nit/i  ranches  are  essential  to  ivork  in  animal 
husbandry.   Beloiv  is  pitture  of  Kapapala  ranch  coiihoys  set/rei/a/int/  steers  for 
pen-f eeding  experiment. 
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developed.  The  request  was  not  granted,  even  though  the  experiment 
station  of  the  Hawaiian  Sugar  Planters'  Association  had  agreed  to 
quarantine  the  cuttings  in  a  manner  which  would  fully  safeguard  the 
agricultural  interests  of  the  Territory. 

The  1939  Legislature  appropriated  funds  for  additions  to  the 
agricultural  building  at  the  University,  which  were  completed  in  June 
1940.  The  laboratories  in  the  new  wing  are  being  equipped  and  put  to 
full  use  (fig.  1).  These  laboratories  and  facilities  are  a  real  asset  to 
the  research  of  the  station,  but  additional  facilities  are  urgently  needed 
for  the  parasitology,  agronomy,  horticulture,  nutrition,  and  poultry 
departments.  This  need  will  become  critical  should  the  land  and 
buildings  made  available  to  the  station  by  the  United  States  Depart- 
ment of  Agriculture  be  withdrawn.  It  is  hoped  that  the  Legislature 
may  find  it  possible  to  provide  such  additional  facilities. 

The  director  is  gratified  that  no  major  changes  in  staff  have 
interrupted  the  research  program  of  the  station.  Separations  from  the 
staff  during  the  year  included  H.  Kubota  and  J.  Holzman,  assistants 
in  horticulture,  and  J.  B.  Bartlett,  junior  chemist.  The  leave  of  absence 
granted  to  J.  E.  Welch,  assistant  olericulturist,  expired.  The  appoint- 
ment of  H.  D.  Michener  as  a  research  fellow  also  expired,  and  W.  B. 
Storey  is  returning  from  study  leave  to  take  over  his  duties  as  assistant 
horticulturist. 

During  the  year.  Professor  L.  E.  Weaver,  of  the  Cornell  univer- 
sity extension  service,  served  as  poultry  husbandman,  on  an  exchange 
arrangement  with  Professor  C.  M.  Bice. 

Of  great  benefit  to  horticultural  research  was  the  appointment  of 
D.  T.  Fleming,  of  Lahaina,  Maui,  as  collaborator.  Mr.  Fleming  has 
long  been  giving  freely  of  his  time  and  knowledge  to  advance  the 
station's  research  in  the  fields  of  fruit  and  nut  crops.  His  appointment 
as  a  collaborator  is,  nevertheless,  gratifying  to  this  station. 

Dr.  S.  S.  Ballard,  assistant  professor  of  physics,  accepted  an 
appointment  as  collaborator  in  the  field  of  soil  chemistry. 

Other  additions  to  the  staff  included  E.  M.  Hodges,  assistant 
agronomist,  Lily  Utsumi  and  Warren  Ikeda,  assistants  in  horticulture, 
Russell  Rosendahl,  research  fellow^,  B.  Cooil.  assistant  in  plant 
physiology,  M.  Matsuura,  assistant  in  plant  pathology,  and  Edward 
Inn,  assistant  in  soil  physics. 

1  Resigned  June  30,  1940. 


Agronomy 


Classificafi'on  of  Pasture  Lands 

Diversified  agriculture  in  Hawaii  is  cunfined  to  lands  not  reserved 
for  cultivation  of  sugarcane  or  pineapples.  On  such  lands  occur  the 
extremes  of  rainfall,  topography,  and  soil.  As  a  stej)  toward  evaluat- 
ing the  agricultural  potentialities  of  these  residual  lands,  chief  among 
which  are  ranch  pastures,  a  classification  of  the  climatic  zones  of  the 
Territory  has  been  completed.  This  classification  was  based  upon  rain- 
fall, elevation,  and  plant  associations. 

A  tabulation  of  pasture  species  in  the  Territory,  made  in  connec- 
tion with  the  classification  survey,  lists  60  trees  and  shrubs,  1  U)  grasses 
and  sedges,  and  131  herbs  and  miscellaneous  species.  These  pasture 
plants  are  segregated  according  to  the  climatic  zones  in  which  the}' 
occur.  It  is  now  possible  to  recommend  range  species  and  management 
practices  for  ranches  extending  through  several  to  all  of  the  environ- 
mental zones.  (Rippcrtoii,  Hosaka) 

Introduction  of  Pasture  Species 

During  the  year,  66  species  and  strains  of  forage  j^lants  were  intro- 
duced from  many  parts  of  the  world  and  planted  at  one  or  more 
branch  stations.  The  value  of  testing  species  over  a  wide  environ- 
mental range  was  demonstrated.  Temperate-zone  grasses  and  clovers 
which  did  not  grow  at  Haleakala  (2,200  feet  elevation)  were  vigorous 
and  well  adapted  at  Olinda  (4,000  feet).  Except  at  high  elevations, 
material  from  the  tropics  seems  best  suited  to  Hawaiian  conditions. 

Rapid  testing  of  new  introductions  prevents  the  grass  gardens' 
becoming  mere  collections  of  exotic  plants.  Periodic  notes  are  made 
on  each  species  for  not  over  2  years ;  unless  a  grass  merits  pasture 
trial,  it  is  discarded. 

Cooperative  trials  have  been  established  with  ranchers  and  dairA  - 
men  to  test  the  more  desirable  species  under  practical  conditions. 
(Lynuiii.  Rippcyton) 

Evaluating  Pasture  Species 

The  value  of  a  species  for  j^asture  purposes  is  dependent  on  a 
number  of  characteristics.   The  ideal  species  should  establish  itself 
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quickly,  persist  well  against  other  species,  recover  quickly  after  graz- 
ing, and  produce  a  high  }-ield  of  forage  with  a  high  proportion  of  leaf 
to  stem.  Finally,  it  should  he  palatable  to  stock.  In  order  to  measure 
these  qualities.  20  grasses  and  legumes  were  planted  at  the  University 
farm,  each  in  a  twentieth-acre  plot,  and  periodically  grazed.  Observa- 
tional data  were  taken  on  rate  of  recovery,  relative  yield,  and  leafiness 
of  the  forage,  order  of  preference,  and  the  part  of  the  plant  eaten. 


The  following  table  summarizes  the  characteristics  of  each  species. 
(Lyman  ) 

Tabic  1. — Evaluation  of  20  pasture  species^ 


Species 

Time  to 
establish 

Recovery 

after 
grazing 

Persis- 
tence 

Yield 

Leafi- 
ness 

Palata- 
bility 

Grosses 

Andropogon  nodosum   

3 

3 

5 

3 

3 

3 

Chloris  gavana   

r 
0 

5 

5 

4 

3 

3 

Cvmbopogon  citratus   

3 

3 

4 

3 

1 

4 

Cvnodon  dactvlon   

5 

4 

5 

3 

3 

4 

plectostachvum   

5 

5 

5 

4 

3 

4 

Digitaria  pentzii   

1 

3 

3 

2 

5 

5 

Hvparrhenia  rufa  

3 

3 

2 

3 

3 

3 

Panicum  antidotale   

4 

4 

2 

2 

1 

3 

maximum   

5 

3 

5 

5 

4 

4 

obtusum   -  

2 

4 

4 

2 

3 

3 

prolutum   

4 

5 

4 

2 

1 

2 

Paspalum  urvillei   

3 

2 

3 

2 

4 

2 

Pennisetum  ciliare   

3 

4 

4 

3 

3 

3 

clandestinum   

3 

3 

5 

3 

3 

4 

setosum   

4 

4 

4 

4 

2 

2 

Themeda  gigantea   

3 

3 

5 

5 

4 

2 

Legumes 

Desmanthus  virgatus  (immature) 

3 

4 

5 

3 

3 

5 

Leucaena  glauca  (immature) 

3 

3 

2 

3 

3 

5 

Phaseolus  lathyroides   

3 

1 

1 

3 

4 

4 

^5,  excellent;  3,  average;  1,  poor. 


Persistence  of  Grasses  and  Legumes 

In  an  extensive  group  of  grass  paddocks  at  Haleakala,  the  persis- 
tence of  grass  species  in  various  mixtures  has  been  tested  under  actual 
grazing  conditions.  In  general,  the  common  creeping  grasses  tended 
to  displace  other,  more  nutritious  species. 
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In  iKuUlocks  where  kikuyu  ( I'ciiiiiscl inn  chiiidcsl imtiii )  was  the 
basic  grass,  other  species  were  rapidly  clioked  out ;  after  three  graz- 
ings,  solid  stands  of  kikuyu  resulted.  Of  the  remaining  species,  pani- 
cum  grass  persisted  well — the  original  stand  in  rows  remained,  hut 
the  dense  kikuyu  sod  underneath  kept  the  ])anicuni  steins  from  rooting. 
Under  continuous  grazing  the  latter  would  probably  disappear.  Woolly 
finger  grass  spread  rapidly  at  first.  It  was  dense  in  patches  but  will 
probably  be  gradually  disiilaced.  Rhodes  grass  was  still  prominent, 
but  its  vigor  was  greatly  diminished.  Three  tropical  legumes.  Indigo- 
fera  cndccapJiylla,  Dcsniodiuin  tortuosuin,  and  Stylosanflws  giiyaucn- 
sis,  persisted  in  small  quantities.  The  natural  dominants  of  this  region, 
Bermuda  and  rattail  grass  ( S poroholiis  capcnsis),  did  not  make  head- 
way against  the  kikuyu. 

The  paddock  with  woollv  finger  grass  (Di(/itaria  pciifcii )  as  the 
basic  sjiecies  has  given  the  best  mixture  and  the  greatest  carrying 
cajjacity  of  the  entire  experiment.  This  species  spreads  ]irincipally 
while  the  soil  is  still  loose,  and  once  established  it  persists.  When 
other  grasses  have  filled  in  the  interspaces  and  the  soil  has  become  com- 
l)act,  the  woolly  finger  grass  spreads  slowly.  Woolly  finger  grass  and 
paspalum  ( F.  dilatatitiii )  made  outstandingly  better  summer  forage 
than  Bermuda  grass  or  kikuxu,  remaining  green  throughout  the  dry 
summer  just  i)ast. 

Bermuda  grass  fCyiiodoii  daclyloii),  one  of  the  dominant  pasture 
species  in  the  Haleakala  region,  did  not  spread  as  rapidly  in  its  ])ad- 
dock  as  kikuyu,  but  it  was  gradually  displacing  less  aggressive  species. 
Rattail,  the  other  dominant  grass  of  the  region,  was  volunteering 
throughout  this  ])addock  increasingl\-  as  the  soil  became  more  compact. 

Temperate  species  of  grasses  and  clovers  failed  to  persist,  even 
without  comjietition  from  other  grasses.  Reseeding  and  fertilizing  have 
failed  to  stimulate  their  growth.  During  the  past  winter,  white  clover 
I  Triti)!iiini  rrpciisj  and  red  clover  ( Trifoliitiii  pratriisc)  developed 
strongly  in  a  reseeded,  fertilized  .section  of  the  Bermuda  paddock  but 
were  killed  out  during  the  dry  summer.  (Rippcrton,  Murphy,  HosakaJ 

Clovers 

Mainu/cinciit.  Cooperative  trials  with  ranchers  have  shown  that 
distribution  of  clovers  at  high  elevations  can  be  extended  through  seed- 
ing and  proper  management.  Most  pasture  clovers  are  temjjerate  spe- 
cies and,  in  Hawaii,  seldom  extend  below  elevations  of  3,000  feet. 
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White  clover  (Trifolium  repeiis)  and  hop  clover  (Trifotiuin  procuin- 
beus)  are  found  principally  in  upland  areas  of  fairly  continuous  mois- 
ture, while  black  medic  (Medicago  lupulina),  bur  clover  (M.  hispida) , 
and  yellow  sweet  clover  (Melilotus  indica)  ripen  seed  only  in  more 
seasonal  climates.  The  best  stands  of  white  clover  are  found  where 
the  herbage  is  closely  grazed  but  the  pasture  is  periodically  rested.  On 
the  other  hand  the  relatively  tall  or  trailing  vetches,  black  medic,  and 
bur  clovers  thrive  when  the  grasses  are  allowed  to  grow  tall,  espe- 
cially during  the  spring  months. 

Fertilisation.  A  limited  number  of  tests  of  soils  from  pastures 
containing  white  clovers  gave  a  range  in  pH  values  from  5.5  to  6.8. 
Available  phosphoric  acid  ranged  from  a  trace  to  400  pounds  per  acre, 
and  available  calcium  oxide,  from  1,400  to  9,000  pounds  per  acre. 

Pot  tests  were  initiated  at  Pensacola  branch  station  to  determine 
the  ef¥ect  of  sunlight  on  the  growth  of  Spanish  clover  ( Dcsmodium 
iincinatuni) ,  white  clover,  and  black  medic.  Reduction  of  sunlight  by 
approximately  half  reduced  the  growth  of  all  three  clovers,  and  par- 
ticularly that  of  white  clover. 

Spanish  and  white  clovers  were  planted  in  fertilizer  pot  tests  in  a 
residual  red  loam  soil,  as  mixtures  with  Hilo  grass  (Paspaluni  conju- 
gatuni)  and  Bermuda  grass.  Spanish  clover  was  stimulated  strongly 
by  lime  and  to  a  lesser  degree  by  superphosphate,  while  the  reverse 
was  true  of  white  clover.  Rock  phosphate  increased  the  growth  of 
Spanish  but  not  of  white  clover.  After  several  cuttings  Spanish  clover 
continued  to  produce  undiminished  as  summer  approached,  but  white 
clover  decreased  to  a  low  level. 

Rapid  chemical  tests  4  months  after  application  of  the  fertilizers 
showed  that  the  soils  receiving  rock  phosphate  had  500  pounds  per 
acre  of  available  phosphorus,  while  those  receiving  superphosphate 
had  150  pounds,  and  the  soils  receiving  no  phosphate,  only  a  trace.  The 
available  calcium  in  soil  treated  with  rock  phosphate  was  3,000  pounds 
as  compared  with  1,500  pounds  in  the  check.  Limestone  had  raised 
the  pH  from  an  initial  value  of  5.5  to  6.3,  but  rock  phosphate  had  little 
effect. 

In  another  series  of  pot  tests  the  early  stimulation  of  white  clover 
by  superphosphate  was  equally  pronounced.  After  about  3  months, 
however,  the  check  plants  were  nearly  equal  in  growth. 

In  field  tests  installed  at  the  Haleakala  branch  station  on  Maui 
(2,200  feet  altitude)  the  clovers  were  planted  with  and  without 
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coni])anii)n  or  nurst'  crops  and  with  cross  strips  f)f  the  fertilizer 
treatments.  Preliminary  results  closely  follow  those  of  the  pot  tests. 

If  superphosphate  gives  a  strong  initial  stimulus  to  white  clover 
in  the  field  tests,  application  of  this  fertilizer  at  the  time  of  seeding 
may  be  feasible.  It  should  be  stressed,  however,  that  climate  has  a 
most  important  effect  on  clover  growth,  and  the  persistence  of  the 
crop  will  depend  ])riniarily  on  environmental  conditions.  (Rippcrton, 
Lyuian) 

Ad  pier  Grass 

Fungus  Disease.  For  the  lirst  time  in  Hawaii  a  fungus  disease, 
Heliniiitliosporiiini  saeehari  (see  p.  69),  has  infected  Napier  grass 
(Peuuisetuin  piirpureuiii ) .  A  survey  of  the  crop  has  shown  that  the 
disease  appeared  almost  simultaneously  on  all  islands,  from  sea  level 
to  the  maximum  height  at  which  Xa]iier  grass  is  grown  (around  2,700 
feet).  Some  fields  have  shown  only  slight  infection;  in  others  the 
grass  is  nearly  dead.  It  is  as  yet  too  early  to  determine  the  extent  to 
which  this  disease  will  menace  the  crop  in  Hawaii,  but  experience 
elsewhere  would  indicate  that  the  problem  may  become  serious. 

Strain  Selection.  The  station  is  making  every  effort  to  secure 
disease-resistant  strains  of  Napier  grass  for  local  ranchers  and  dairy- 
men who  depend  upon  this  crop  for  livestock  feed.  Resistant  stools 
from  badly  infected  fields  are  being  selected,  and  a  search  is  being 
made  for  resistant  material  in  other  parts  of  the  tropics.  Judging  from 
local  evidence  as  well  as  reports  from  elsewhere,  Merker  grass,  another 
strain  of  Penuisetuin  pitrpureuni .  is  less  susceptible  than  the  standard 
Napier. 

Selected  crosses  of  Napier  and  Merker  grass  have,  since  1934,  been 
compared  with  standard  strains  of  Napier  to  determine  their  value 
as  soiling  crops  and  for  pasturage.  Certain  of  these  strains  mature 
more  quickly  than  Napier  and  recover  more  quickly  after  grazing. 
The  selections  are  now  being  tested  for  resistance  to  the  Heliiii)itIio- 
sporium  fungus  (see  frontispiece). 

The  Xai)ier-AIerker  crosses  also  ])ro(luce  seed  which  germinate 
well.  This  may  be  an  advantage  in  ])lanting  gulches  and  other  non- 
arable  land.  Among  the  vegetative  i)arts.  stool  divisions  appear  to  be 
more  desirable  j)Ianting  material  than  the  \arious  types  of  stem  cut- 
tings, giving  a  surer  stand  and  quicker  initial  growth.  The  cost  of 
preparing  stool  divisions  is  greater,  however. 


Figure  —  Response  of 
sorghum  varieties  to  lla- 
^L'aiian  conditions :  Left, 
-Li-ell  adapted  Kansas  Or- 
ange Sorgo;  right,  Black 
Amhrr  Sorgo,  less  suited 
to    (limatic  conditions  at 


Poamoho  farm. 


Management.  To  determine  the  most  effective  pasture  manage- 
ment of  Napier,  two  systems  of  grazing  were  compared.  In  one  field 
the  grass  was  mature,  the  growth  consisting  of  shoots  from  old  stems 
and  of  new  stems  developing  from  the  crown.  In  the  other  field  the 
grass  was  not  mature,  and  after  grazing  all  ungrazed  stems  were 
mowed.  Results,  after  two  grazings,  indicate  that  the  mature  Napier 
recovers  more  rapidly,  gives  a  higher  yield,  and  has  a  greater  carrying 
capacity.  Good  gains  in  weight  of  livestock  and  high  carrying  capacity 
resulted  when  the  fields  were  fertilized  and  grazed  in  rotation  and  the 
animals  received  supplemental  molasses. 

On  most  soils  the  yield  and  the  percentage  content  of  protein  are 
greatly  increased  when  nitrogen  is  applied  to  Napier  grass  between 
crops.  An  experiment  is  in  progress  to  determine  rate  of  absorption 
of  nitrogen  as  well  as  phosphorus  and  potash  by  the  plant.  (Takaliasiji, 
Ripperton,  Miirpliy) 

Sudan  Grass 

Sudan  grass  (Sorghum  vidgare  sudanense) ,  once  an  important 
forage  species  in  the  Territory,  is  no  longer  cultivated  widely  because 
of  its  short  duration  and  susceptibilit)'  to  disease.  The  palatability, 
nutritive  value,  and  high  initial  yield,  however,  encourage  a  search  for 
improved  types.  Selected  Sudan  grass  types  and  Sudan  and  forage- 
sorghum  hybrids  have  been  introduced  from  mainland  stations  and 
are  being  propagated,  with  some  disease-resistant  and  vigorous  types 
showing  promise.  Their  value  for  local  conditions  will  be  determined 
by  further  observation  and  testing.  (Hodges,  Lyiuau) 

Guinea  Grass 

Adaptability  to  a  wide  range  of  conditions  and  marked  resistance 
to  drought  make  Guinea  grass  (Paniciun  maximiim)  an  important 
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forage  species.  Yields  are  good  under  l'av(»ral)Ie  moisture  and  fertility 
conditions,  and  the  plant  so  far  has  heen  disease-free  in  Hawaii. 

That  variation  exists  within  the  species  has  heen  thoroughly  cstah- 
lished,  a  numher  of  distinct  types  heing  known  here  and  elsewhere 
(see  cover  ).  Several  of  these  are  heing  grown  for  ohservation  under 
varying  soil  and  climatic  conditions,  and  some  have  been  included  in  a 
grazing  trial.  .\  hlock  of  500  seedling  plants  has  l^een  established  at 
Poanioho  farm  for  individual  hill  selection.  (Hodges.  Lyman) 

Sori^litiins 

Considerable  interest  has  developed  in  sorghums  as  a  possible 
source  of  grain  for  potiltry  and  swine  in  the  Territory,  and  a  number 
of  small  plantings  have  been  made.  During  the  year  the  station  procured 
for  trial  36  varieties  and  strains  of  sorghums,  representing  true  grain 
sorghums,  forage  types,  and  combination  types.  A  number  of  these 
represent  new  strains  which  have  recently  been  developed  by  mainland 
stations.  Becau.se  of  ravages  by  birds  in  the  test  plots,  exact  yields  of 
grain  could  not  be  obtained.  Seed  developed  normally,  however,  and 
a  number  of  strains  were  outstanding  (see  fig.  3).  An  important  fea- 
ture of  sorghum  production  in  Hawaii  is  the  free  ratooning,  to  pro- 
duce as  many  as  three  crops  in  a  year's  time.  In  temperate  zones  only 
one  crop  is  olitained.  (Hodges) 

Starch  L'onfciif  of  Taro 

The  yield  of  paiai  or  poi  from  a  given  weight  of  taro  corms  fluc- 
tuates considerably,  due  in  part  to  the  quantit}'  of  diseased  tissue 
removed  in  the  factory,  but  also  to  variations  in  the  percentage  of 
starch  in  normal  corms. 

In  order  to  determine  the  value  of  the  specific  gravitv  method  of 
measuring  starch  content,  taro  corms  of  A'ar}'ing  size  of  the  Moana 
variety  were  selected  from  an  8-month-old  ])lanting.  After  removal  of 
the  outer  fibrous  skin,  the  s])ecific  gravity  and  starch  content  were 
determined.  Statistical  analysis  gave  a  highly  significant  linear  regres- 
sion coefficient  of  percentage  of  starch  on  s])ecific  gravitv.  This 
method  should  be  useful  for  determining  the  yield  of  poi  to  be 
expected  from  taro  corms.   (Takaliaslii,  Ripf'crton ) 

Sli.'ccf  Com 

Selection.  Since  the  introduction  of  L'.vS.D.A.  34  sweet  corn  from 
Puerto  Rico  in  1935,  production  of  the  crop  in  the  Territor}'  has 
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increased  appreciably.  This  variety,  which  is  resistant  to  mosaic,  can 
be  grown  the  year  round  throughout  low  elevations  where  moderate 
moisture  conditions  prevail,  although  growth  from  November  to  Feb- 
ruary is  retarded  by  low  temperatures  and  short  days. 

The  lack  of  seed-producing  facilities  and  the  extreme  variability 
and  toughness  of  pericarp  have  prevented  widespread  planting  of  this 
variety.  During  the  past  year  all  breeding  material  at  the  station, 
including  open-pollinated  and  self-pollinated  U.S.D.A.  34  lines  and 
crosses  with  mainland  varieties,  was  tested  for  tenderness  of  pericarp. 
Ear  selections  varied  in  their  resistance  to  pericarp  puncture,  partic- 
ularly among  certain  inbred  lines.  The  future  development  of  adapted 
types  with  more  tender  pericarp  appears  possible. 

Mass-selected  U.S.D.A.  34  sweet  corn  was  planted  at  Haleakala  to 
provide  material  for  selection  of  types  suited  to  higher  altitudes. 

Fertilization.  The  sweet-corn  fertilizer  experiment  described  in 
last  year's  report  has  been  concluded.  This  test  was  designed  to  meas- 
ure the  order  of  response  to  the  three  main  fertilizer  components  and 
their  various  combinations.  The  average  yield  of  marketable  ears  at 
Haleakala,  roughly  6,000  ears  per  acre,  was  less  than  half  the  yield 
obtained  at  Poamoho.  This  low  yield  at  Haleakala  was  probably  due 
to  a  combination  of  unfavorable  climate  and  soil  conditions.  Nitrogen 
gave  a  marked  increase  in  yield  (significant  at  the  1  percent  point)  at 
Haleakala,  and  phosphorus  and  potash  small  yield  increases  which 
were  not  statistically  significant. 


figure  4. — Lcjt,  general  vieiv  of  corn  fertiliser  experiment  at  Poanwho  farm; 
right,  marked  contrast  in  groivth  between  plot  in  foreground,  receiving  no 
fertilizer,  and  plot  in  background,  given  100  pounds  per  acre  each  of  nitrogen, 
phosphorus,  and  potash. 
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Yields  of  all  ])lots  were  high  at  Poamoho.  Early  growth  shcnved 
very  striking  dittereiices  between  phosphorous  plots  and  no- 
phosphoroiis  plots,  but  these  were  reduced  as  the  season  advanced. 
The  number  of  marketable  ears  per  acre  at  Poamoho  was  greatly 
increased  by  the  application  of  phosphate  (significant  at  the  1  percent 
jKiint).  Xitrogen  and  potash  ])roduced  yield  increases  which  were 
smaller  but  ])roved  to  be  significant  upon  analysis  of  the  data.  The  soil 
at  Poamoho  is  rejjresentative  of  many  areas  in  the  Territory  where 
sweet  corn  is  a  potential  crop.  Recommendation  of  fertilizer  formulas 
based  on  a  single  test  must  be  only  tentative,  but  for  conditions  similar 
to  those  at  Poamoho  farm,  a  medium-nitrogen,  high-phosphorous,  and 
low-potash  fertilizer  would  seem  to  be  applicalile.  ( Hodtjcs.  Taka- 
liaslii) 


Animal  Husbandry 


Pasture  Fatfciiiiig 

During  the  year  a  third  cooperative  trial  was  completed  at  Waianae 
company,  to  determine  the  value  of  cane  molasses  as  a  supplement  for 
Aberdeen  Angus  steers  on  pastures  of  koa  haole  (Leucaena  glaiica). 
Results  of  the  three  trials  are  briefly  summarized  herein. 

The  fitrst  trial,  with  30  steers  on  60  acres,  lasted  for  246  days ;  the 
second,  with  24  steers  on  the  same  area,  for  444  days ;  and  the  third, 
with  30  steers,  for  368  days. 

Gains  during  each  period  were  roughly  proportional  to  rainfall. 
Precipitation  was  satisfactory  during  the  first  trial  but  not  during  the 
last  two  ;  drought  was  particularly  acute  in  the  third  experiment.  Aver- 
age daily  gains  of  613-pound  steers  on  koa-haole  pastures,  without 
cane  molasses,  were  1.15  pounds,  0.84  pound,  and  0.44  pound  for  the 
three  trials  in  order,  or  0.81  pound  for  the  three  combined. 

The  steers  fed  supplementary  cane  molasses  (ad  lib.)  consumed 
4.97  pounds  per  day,  on  the  average.  They  made  average  daily  gains 
of  1.50  pounds,  1.05  pounds,  and  0.75  pound  in  the  three  experiments, 
or  a  combined  average  of  1.11  pounds.  Thus  supplementary  cane 
molasses  increased  daily  gains  per  steer  by  0.30  pound  or  37  percent 
for  the  three  experiments. 

The  supplement  was  especially  valuable  in  preventing  losses  in  live 
weight  during  the  drought  periods.  Molasses  feeding  also  improved 
the  carcass  grade  and  increased  the  marbling  of  the  meat.  For  more 
detailed  data  on  the  experiment,  see  station  Bulletin  85,  Beef  Cattle 
Feeding  Trials  in  Hazvaii.  (Hcnkc,  IJ'ork) 

Pen  Fattening  of  Beef  Cattle 

The  natural  fattening  ranges  of  some  ranches  in  Hawaii  are  inade- 
quate although  the  land  is  capable  of  carrying  large  numbers  of 
breeder  cattle.  On  the  other  hand  certain  byproducts  produced  at 
sugarcane  and  pineapple  mills  have  fattening  A'alue  for  cattle. 
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A  cooperati\'e  experiment  with  Ka]iapala  ranch,  completed  during 
the  }ear,  was  designed  to  determine  the  possil)ihties  of  feeding  maxi- 
mum ([uantities  of  cane  bagasse  and  cane  molasses  as  well  as  to  estab- 
lish the  weight  at  which  pen-fattened  cattle  sliould  ])e  marketed  for 
maximum  returns. 

Sixty  Hereford  yearling  steers,  averaging  564  ])ounds  in  weight, 
were  divided  into  six  equal  lots.  In  pens  1  and  2,  15  pounds  of  freshly 
cut  green  cane  tops  were  fed  ]>er  day  ])lus  unlimited  cjuantities  of  a 
mixture  of  bagasse,  molasses,  and  soyl)ean-oil-cake  meal  in  the  pro]xjr- 
tion  of  40:  41  :  19.  In  pens  3  and  4  the  same  concentrate  mixture  was 
fed  hut  cane  toj)s  were  limited  to  determine  the  effect  of  reduced 
roughage  intake.  In  pens  5  and  6  at  least  15  pounds  of  cane  tops 
per  day  were  fed  plus  a  mixture  of  molasses  and  soybean-oil  meal  in 
the  proportion  of  4  to  1.  Steers  from  pens  1,  3,  and  5  were  marketed 
after  151  days  on  test,  and  those  from  pens  2,  4,  and  6,  at  the  end  of 
243  days.  Gains,  feed  consum])tion,  dressing  ])ercentages,  and  cost  of 
gains  are  shown  in  table  2. 


7\jblc  2. — Gains,  feed  consumption,  and  feed  costs  in 
Kapapala  pen-feeding  trial 


Pen 

1 

2 

3 

4 

5 

6 

Days  on  test  

151 

243 

151 

243 

151 

243 

Average  daily  feed  consumption  : 

Cane  tops   (pounds) 

15.0 

15.0 

9.7 

7.9 

IS.l 

15.3 

Bagasse    do 

7.1 

8.0 

7.0 

8.4 

Molasses    do 

7.2 

8.2 

7.1 

8.6 

10.7 

12.7 

Sovbean-oil  meal    do 

3.4 

3.8 

3.3 

4.0 

2.7 

3.2 

Bone  infal    do 

0.03 

0.08 

0.02 

0.09 

0.02 

0.10 

Salt    do 

0.07 

0.05 

0.03 

0.07 

0.03 

0.05 

Average  daily  gain   do 

1.47 

1.31 

1.32 

1.37 

1.42 

1.38 

Total  feed  cost  per  pound  of  gain'  (cents) 

9.27 

11.59 

9.57 

10.62 

8.09 

9.58 

Average  dressing  percentage  

51.6 

55.1 

52.2 

55.6 

51.9 

55.3 

Average  price  received  per  pound 

dressed  weight   (cents) 

15.83 

16.64 

15.68 

16.73 

16.17 

16.55 

Average  price  received  per 

carcass   (dollars) 

64.27 

81.19 

62.90 

83.32 

65.33 

83.94 

>  Estimated  prices  per  ton  used  in  figuring  feed  costs:  Cane  tops,  $2.50  (labor  of  cut- 
ting); bagasse,  $2.50  (fuel  value);  molasses,  $4.00;  soybean-oil  meal,  $55.00:  Ijone  meal, 
$50.00;  and  salt,  $15.00. 
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The  molasses  and  soybean-oil-meal  mixture,  fed  to  the  limit  of 
appetite,  plus  15  pounds  of  green  cane  tops,  was  as  efficient  in  produc- 
ing gains  as  the  more  expensive  mixture  containing  40  percent  cane 
bagasse. 

Over  the  shorter  feeding  period,  limiting  the  cane  tops  resulted  in 
lower  gains.  When  pen  feeding  was  continued  for  8  months,  however, 
reduced  cane-top  consumption  was  accompanied  by  increased  con- 
sumption of  concentrates,  and  Ijetter  and  more  economical  gains.  Mar- 
keting the  cattle  after  5  months  resulted  in  lower  dressing  percentages 
for  all  lots,  as  well  as  lower  prices  for  carcass  beef. 

The  heavy  rate  of  molasses  feeding  (up  to  12.7  pounds  per  head 
daily)  did  not  seem  to  have  a  deleterious  effect  upon  the  animals.  His- 
tological studies  of  animals  consuming  this  quantity  over  an  8-month 
period  showed  no  undue  kidney  damage. 

This  experiment  suggests  that  pen  feeding  may  be  feasible  where 
range  fattening  areas  are  unsatisfactory,  and  particularly  in  times  of 
drought.  (Heiikc,  Work) 

Roughages  for  Dairy  Cattle 

Rliodcs  Grass  Versus  Sudan  Grass.  Four  double-reversal  experi- 
ments have  now  been  completed,  comparing  green  Rhodes  with  green 
Sudan  grass  as  a  roughage  for  dairy  cows.  Each  experiment  con- 
sisted of  three  4-week  periods. 

Milk  production  (4-percent-fat-corrected)  was  3.4  percent  higher, 
on  the  average,  when  Sudan  grass  was  fed.  This  dift'erence,  while 
small,  was  statistically  significant.  In  only  one  of  the  four  trials  was 
milk  production  slightly  higher  when  Rhodes  grass  was  fed.  Details 
of  the  tests  are  shown  in  table  3. 

Superiority  of  Sudan  over  Rhodes  grass  was  greatest  in  experi- 
ments 2  and  4,  conducted  during  periods  of  the  year  when  "rust"  was 
least  prevalent  on  Sudan  grass.  It  is  possible  that  the  rust  may  have 
adversely  affected  the  feeding  value  of  this  grass. 

Rhodes  grass  was  markedly  less  palatable  than  Sudan  grass,  as 
shown  by  the  amounts  consumed.  Average  consumption  of  Sudan 
grass  was  35.6  percent  greater  for  the  four  trials,  and  this  higher 
roughage  consumption  was  doubtless  a  major  factor  in  the  higher  milk 
production. 
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Table  S. — Milk  procluctiim  of  dairy  cattle  on  Rhodes  grass 
and  on  Sudan  grass 


Experiment 

Number 
of  cows 

Date  of 

Daily  feed 
consumption 

Average 
weight 
of  cows 

Average 
butterfat 
in  milk 

Average  daily 
milk  produc- 
tion (4%-fat- 
corrected ) 

experi- 
ment 

Grass 

Concen- 
trates 

Slid  (in 

Pounds 

Pounds 

Pounds 

Percent 

Pounds 

1 

(j 

1/6/38- 
3/30/38 

59.3 

22.1 

1,107 

3.50 

37.2 

2 

8 

6/30/38- 
9/21/38 

55.5 

15.7 

1,068 

3.79 

26.4 

3- 

6 

11/24/38- 
2/22/Z9 

49.9 

20.0 

1,124 

3.40 

36.1 

4 

8 

3/2/39- 
5/24/39 

54.5 

13.5 

1,138 

3.44 

29.3 

.Ivcnuic 

7 

54.8 

17.8 

1,109 

3.53 

32.2 

Rhodes 

1 

6 

1/6/38- 
3/30/38 

37.3 

22.1 

1,107 

3.50 

37.6 

2 

8 

6/30/38- 
9/21/38 

36.0 

15.7 

1,052 

3.81 

24.7 

3 

6 

11/24/38- 
2/22/39 

41.0 

20.0 

1,125 

3.39 

35.4 

4 

8 

3/2/39- 
5/24/39 

47.3 

13.1 

1,123 

3.45 

26.9 

Average 

7 

40.4 

17.7 

1,102 

3.54 

31.1 

Samples  of  the  roughages  were  taken  daily  and  later  analyzed. 
Average  analyses  of  216  samples  of  each  grass  are  shown  in  table  4. 

Calculations  of  actual  intake  per  cow  of  dry  matter,  crude  protein, 
and  total  nutrients  from  roughage  show  that,  while  nutrient  intake 
was  larger  when  Sudan  grass  was  fed.  the  difference  was  not  so  great 
as  the  difference  in  green  weight  of  roughages  consumed,  since 
Rhodes  grass  is  higher  in  dry  matter. 

Whole  Napier  Versii.'i  Cut  A'apier  Cras.w  'i'hree  12-week  trials, 
each  w  ith  8  cows,  have  been  conducted  to  determine  milk  production 
on  whole  Xapier  grass  as  contrasted  to  milk  i)roducti(jn  on  cut  Napier 
grass.  When  whole  Napier  grass  is  fed,  cattle  tend  to  eat  only  the 
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Table  4. — A-\-erag"e  analyses  of  Sudan  grass  and  Rhodes  grass 


Grass 

Dry  matter  in 
green  feed 

Calculation  on  a  water-free  basis- 

Crude 
protein 

Ether 
extract 

Nitrogen- 
free 
extract 

Ash 

Crude 
iiber 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Sudan   

21.69 

2>.77 

1.75 

41.63 

36.24 

11.48 

Rhodes   

25.27 

6.94 

1.49 

42.31 

38.36 

10.91 

leaves,  and  the  less  palatable  stems  are  wasted.  When  the  grass  has 
been  passed  through  an  ensilage  cutter,  however,  little  waste  of  forage 
results. 

In  trial  3,  completed  during  the  past  }'ear,  milk  production  was  6 
percent  higher  when  whole  Napier  grass  was  fed  :  in  trial  2,  increased 
production  was  only  3.2  percent ;  and  in  the  first  trial,  production  was 
about  the  same  on  the  two  types  of  roughage.  Consumption  of  rough- 
age was  determined  by  weighing  the  portions  supplied,  then  weighing 
and  deducting  unconsumed  residue.  Roughage  consumption  (chiefly 
of  leaves)  was  much  higher  in  each  trial  when  whole  Napier  was  fed, 
with  an  average  increase  for  the  three  trials  of  53  percent.  The 
weigh-back  from  the  whole  Napier  was  almost  entirely  the  coarse 
stems.  The  economics  of  feeding  cut  and  whole  Napier  should  have 
further  investigation.  The  value  of  increased  milk  production  when 
whole  Napier  is  fed  should  be  considered  in  relation  to  the  quantity 
of  forage  produced  per  acre,  the  cost  of  harvesting,  and  the  cost  of 
cutting  with  ensilage  cutter.  The  problem  should  also  be  investigated 
in  relation  to  the  agronomic  question  of  short  cycle  cutting. 

Guinea  Grass  Versus  Napier  Grass.  One  12-week  double-reversal 
experiment  with  8  cows  has  been  conducted,  comparing  green  Guinea 
grass  and  green  Napier  grass  as  roughages  for  dairy  cows.  Both 
roughages  were  cut  in  an  ensilage  cutter,  and  samples  were  taken  daily 
for  moisture  determinations  and  chemical  anah'ses. 

The  difi:erence  m  milk  production  on  these  feeds  was  small  and 
not  statistically  significant.  Consumption  was  practically  the  same, 
indicating  approximateh'  equal  palatability.  Analyses  show  similar 
composition,  but  Guinea  grass,  being  higher  in  dr}'  matter,  supplies 
more  nutrients  when  equal  quantities  of  the  green  forage  are 
consumed. 
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Mexican  (.irass  J'crsiis  Xapicr  Grass.  One  12-\vcek  trial  was  con- 
ducted cumiiarins^-  green  Afexican  grass  and  green  Napier  grass  as 
dairy  roughages.  Both  grasses  were  run  through  an  ensilage  cutter, 
and  samples  were  taken  daily  for  chemical  analyses.  The  experiment 
began  with  six  cows  hut  Mexican  grass  jjrovcd  so  jjalatahle  and  the 
supply  was  so  limited  that  it  was  necessary  to  reduce  the  number  of 
cows  to  four. 

Milk  production  was  higher  when  Mexican  grass  was  fed,  Init  the 
number  of  cows  on  test  was  too  small  for  final  conclusions.  The  cows 
consumed  53  pounds  of  Napier  grass  daily  as  compared  to  108  pounds 
of  Mexican  grass. 

The  ^Mexican  grass  was  relatively  low  in  dry  matter  and  crude 
fiber,  which  facts  probabl\-  account  for  its  palatability.  However, 
growth  habits  and  yields  (at  University  farm)  do  not  justify  exten- 
sive t:se  of  this  grass  as  a  soiling  crop,  since  materially  more  labor  is 
required  to  produce  a  ton  of  Mexican  grass  than  of  Napier  grass. 

Dcsmanthus  virgatus  Versus  Napier  Grass.  One  12-week  double- 
reversal  experiment  was  conducted  coinparing  green  Desmanthtis  vir- 
gatus and  green  Napier  grass  as  dairy  roughages.  Becatise  of  the 
limited  supply  of  Desiiianthus  virgatus.  the  test  comprised  only  four 
cows.  Both  roughages  were  cut  in  an  ensilage  cutter  jirior  to  feeding, 
and  samples  were  taken  daily  for  analyses. 

Milk  production  was  4.8  percent  higher  when  I )csiiiantlnis  vir- 
gatus was  fed.  but  since  only  4  cows  were  on  test,  definite  conclusions 
are  not  justified.  Consumption  of  this  leguminous  roughage  was  low, 
but  the  protein  content  is  double  that  of  Napier  grass  on  a  water-free 
basis.  Since  green  Dcsniaiithits  z'irgatiis  is  higher  in  dry  matter  than 
Napier  grass,  the  dift'erence  in  jirotein  content  on  the  green  Ijasis  is 
even  greater.  (Hciikc.  Maruyaiiia) 

Concentrate  feeds  in  Jhiiry  Rations 

Cottonseed  J'ersus  Soybcan-Oil-Calcr  Meal.  A  second  double- 
reversal  trial  was  completed  during  the  }ear  comparing  cottonseed 
meal  and  soybean-oil-cake  meal  as  protein  supplements  in  dairy 
rations.  The  rations  consisted  of  25  percent  pineapple  bran,  25  per- 
cent cane  molasses.  15  percent  linseed-oil-cake  meal,  3  percent 
coconut-oil-cake  meal.  1  percent  each  of  salt  and  steamed  bone  meal, 
and  30  percent  of  either  cottonseed-  or  soybean-oil-cake  meal.  Napier 
grass  was  fed  as  roughage.  Each  trial  included  8  cows  and  continued 
for  three  4-week  periods.  Results  are  given  in  table  5. 
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Table  5. — Milk  production  of  dairy  cows  on  soybean- 
and  cottonseed-oil-cake  meals 


Experiment 

Average 

daily 
roughage 
consump- 
tion 

Average 

daily 
concen- 
trate con- 
sumption 

Average 

live 
weight 
of  cows 

Average 
butterfat 
in  milk 

Average 
daily  milk 
production 

t4  /c-iat- 
corrected) 

Soybean-oil-cake 

Pounds 

Pounds 

Pounds 

Percent 

Pounds 

meal 

1 

36.4 

12.4 

1,069 

3.84 

24.0 

2 

52.4 

17.0 

1,144 

3.57 

31.2 

Az'crage 

44.4 

14.7 

1,106 

3.70 

27.6 

Cottonseed-oil-cake 

meal 

1 

36.0 

12.4 

1,066 

3.97 

23.2 

2 

53.5 

17.0 

1,138 

3.63 

31.0 

Average 

44.7 

14.7 

1,102 

3.80 

27.1 

Milk  production  was  slightly  lower  and  butterfat  content  slightly 
higher  in  both  trials  when  cottonseed-oil-cake  meal  was  fed.  Cotton- 
seed-oil-cake meal  is  not  generally  available  in  Honolulu  but  can  be 
secured  on  special  order,  frequently  at  a  lower  ton  cost  than  soybean- 
oil-cake  meal. 


Table  6. — Composition  and  estimated  digestibility  of  rations 
low  and  high  in  fat 


Ration 

Low-fat 

High-fat 

Percent 

Percent 

Composition : 

Cane  molasses   

25.0 

25.0 

Pineapple  bran   

38.0 

35.5 

Soybean-oil-cake  meal   

25.0 

27.5 

Coconiit-oil-cake  meal   

10.0 

7.0 

Copra   

3.0 

Salt   

1.0 

1.0 

Steamed  bone  meal  

1.0 

1.0 

100.0 

100.0 

Digestibility : 

Total  crude  protein  (bv  analysis)  

17.9 

19.1 

Digestible  crude  protein  (estimated)  

10.9 

11.4 

Total  nutrients  (by  analysis)  

94.2 

95.4 

Digestible  nutrients  (estimated)  

66.6 

69.3 

Total  fat  (by  analysis)  

2.8 

4.4 

Digestible  fat  (estimated)  

2.6 

4.3 
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Value  of  Fat.  Rations  which  incliule  large  aiiujunts  of  cane 
molasses  and  iiinea])i)le  bran  are  likely  to  he  low  in  fat.  The  effect  of 
adding  fat  to  such  rations  was  measured  in  a  12-week  double-reversal 
experiment  with  6  cows.  Details  of  the  rations  fed  are  given  in 
table  6  (preceding  page). 

Green  Xapier  grass  was  fed  as  roughage  to  both  lots  of  cows. 
Since  the  high- fat  ration  was  slightly  higher  in  both  digestible  protein 
and  total  nutrients,  3.84  percent  less  of  this  ration  was  fed  than  of  the 
low-fat  ration,  to  equalize  the  intakes  of  these  elements.  Results  of 
this  trial  are  summarized  in  table  7. 


Tabic  7. — Alilk  production  and  ])Ulterfat  ])ercentages 
of  dairy  cows  on  high-  and  low-fat  rations 


Ration 

Average 
daily  feed 
consumption 

Average 

live 
weight 

Average 
butter- 
fat  in 
milk 

Average 
daily  milk 
production 

Roughages 

Concentrates 

Actual 

4% -fat 
corrected 

Pounds 

Pou  iids 

Pounds 

Percent 

Pounds 

Pounds 

High-fat   

61.3 

16.0 

1,108 

3.78 

28.2 

27.2 

Low- fat   

65.6 

16.7 

1,107 

3.59 

27.6 

25.9 

Actual  milk  production  was  onl\-  2.2  ])ercent  higher  when  the  high- 
fat  ration  was  fed  but  because  of  a  higher  fat  content  in  the  milk,  milk 
production  on  a  4-percent-fat-corrected  basis  was  5.0  percent  higher. 
This  increase  was  statistically  significant.  The  experiment  is  being 
repeated. 

Caiic  Molasses  ]'casf.  In  a  12-week  double-reversal  experiment 
with  7  cows,  dried  yeast  made  from  cane  molasses  was  substituted  for 
oil-cake  meals  in  a  ration  fed  to  dairy  cows.  The  control  ration 
included  25  percent  soybean-  and  10  percent  coconut-oil-cake  meals. 
In  the  exi)eriniental  ration,  the  molasses  yeast  was  substituted  for 
these  protein  supplements.  In  addition,  both  rations  included  25  per- 
cent cane  molasses,  38  percent  pineapple  bran,  and  1  percent  each  of 
salt  and  steamed  bone  meal.  Green  Xapier  grass  was  fed  as  roughage. 
Results  are  shown  in  table  8. 

Milk  production  (4%-fat-corrected)  was  13.9  percent  higher 
when  the  control  ration  was  fed ;  this  dilference  was  statistically  sig- 
nificant. The  yeast  ration  was  less  palatable,  and  some  difficulty  was 
experienced  in  getting  the  cows  to  eat  their  full  allotments.  It  is  pos- 
sible that  the  yeast  would  be  eaten  more  readily  if  it  replaced  part 
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Table  8. — Milk  production  on  3'east  made  from  cane  molasses 


Ration 

Average 

daily 
roughage 
consumption 

Average 
daily 
concentrate 
consumptioti 

Average 

live 
weight 
of  cows 

Average 
butterfat 
in  milk 

Average 
daily 
milk 
production 
(4% -fat- 
corrected) 

Pounds 

Pon  n  ds 

Pounds 

Percent 

Pounds 

35%  molasses  yeast.... 

67.5 

18.6 

1,063 

3.58 

20.2 

25%  soybean-  and  10% 

coconut-oil-cake 

meals   

62.2 

19.0 

1,059 

3.48 

23.3 

rather  than  all  of  the  oil-cake  meals  in  the  ration.  Roughage  consump- 
tion was  8.3  percent  greater  when  the  yeast  ration  was  fed. 

Analyses  show  that  the  control  ration  contained  2.56  percent  fat 
and  the  yeast  ration,  only  0.78  percent  fat.  It  is  possible  that  lack  of 
fat  was  a  factor  in  the  lower  milk  yields  when  the  3'east  ration  was  fed. 
A  second  trial  with  molasses  yeast,  in  which  the  quantity  of  fat  sup- 
plied in  each  ration  has  been  equalized,  is  now  in  progress.  (Heuke, 
Work,  Maritvaina) 

C onccntrafc  Feeds  for  Groiving  Heifers 

Cane  Molasses  Yeast.  Cane  molasses  yeast  has  also  been  tested  as 
a  protein  supplement  for  growing  dairy  heifers.  A  liquid  form  of 
the  yeast,  containing  83  percent  moisture  and  7  percent  protein 
(NX  6.25) ,  was  fed  at  intake  levels  up  to  12  pounds  per  head  daily,  in 
an  equal  quantity  of  cane  molasses.  Acceptable  growth  was  obtained 
when  this  yeast  formed  the  greatest  single  source  of  protein. 

A  dried  form  of  the  yeast  (40  to  42  percent  total  protein)  was 
also  fed  to  growing  dairy  heifers,  both  as  a  partial  and  as  a  complete 
substitute  for  the  protein  supplied  in  the  check  ration  by  soybean-oil- 
cake meal  and  fish  meal.  Growth  on  the  yeast-containing  ration  was 
equal  to  and  in  some  cases  better  than  on  the  check  ration. 

Urea  as  a  Protein  Si(bstitute.  Dairy  heifers  that,  from  6  months 
of  age,  have  received  most  of  their  required  protein  from  urea  (4  per- 
cent urea  in  the  concentrate  ration)  have  freshened  normally,  with 
normal  calves  (see  fig.  5).  As  lactating  heifers  they  are  being  fed  a 
concentrate  ration  which  contains  3  percent  urea,  with  15.3  percent 
total  protein  and  protein  equivalent.  So  far  milk  production  has  been 
satisfactor}'  and  no  oiT  flavors  have  been  detected  in  the  milk,  but  the 
test  has  not  continued  long  enough  for  final  conclusions. 


of  age,  atid  lirr  Q-mnn/h-olJ  dtiuiihtfr,  also  urra-lrd  jrtnn  the  aye  of  7  monllis. 

Other  heifers  are  being  fed  urea  at  the  rates  of  1.5  and  3  percent 
of  the  concentrate  ration  in  the  reversal  plan  of  feeding.  To  date  no 
significant  changes  in  rate  of  growth  due  to  urea  feeding  have  been 
noted,  l)Ut  this  trial  also  has  not  been  concluded.  (Work.  Ilciikc) 

Digcsfi'bilitx  of  I /aicaiiaii  Feeds 

The  com]5osition.  digestibility  coefficients,  and  digestible  nutrients 
of  three  common  Hawaiian  forages  (see  cover  and  fig.  6)  are  pre- 
sented in  table  9. 

The  values  on  Dcsiiuuitliits  t'irgatits  are  in  addition  to  those 
reported  in  1938.  The  stems  of  this  material  were  green  and,  although 
seemingly  cjuite  woody,  were  readily  eaten  by  grazing  animals.  The 
Guinea  grass  was  relatively  mature  (in  seed)  when  harvested.  The 
molasses  grass  was  old  growth  obtained  from  a  cultivated  field,  which, 
due  to  poor  seed  germination,  had  lieen  allowed  to  grow  and  S]:iread 
by  its  runners  for  a  period  of  about  a  year. 

Figures  for  molasses  grass  and  Dcsinanthns  z'irgatits  represent  the 
averages  of  two  consecutive  10-day  collection  periods,  which  checked 
quite  closely.  With  Guinea  grass,  the  results  are  for  only  one  lO-dav 
collection  period.  (Work) 

Feeds  for  Szciiie 

Cane  ^^o!asscs  Yeast  as  Protein.  The  value  of  cane  molasses 
yeast  as  a  protein  su])i)lement  for  swine  has  been  studied  in  a  con- 
trolled paired-feeding  experiment.  The  yeast  replaced  soybean-oil 
meal  and  local  tuna-fish  meal  combined,  at  the  rates  of  25,  50,  75,  and 
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Total 
nutrients 

Percent 
10.00 

26.64 
23.96 

Total 
ash 

Percent 

3.60 
3.15 

2.51 

^  u 

6^ 

Percent 

8.85 
41  00 
3.63 

19.02 
66.00 
12.55 

19.62 
43.00 
8.44 

Ether 
extract 

Percent 

0.38 
6.00 
.02 

.87 
51.00 
.44 

.91 
57.00 
.52 

Nitrogen- 
free 
extract 

Percent 

11.88 
49.00 

5.82 

20.09 
62.00 
12.46 

15.93 
70.00 
11.15 

Crude 
protein 

Percent 

1.46 
34.00 
.50 

1.65 
38.00 
.63 

5.24 
61.00 
3.20 

Dry 
matter 

Percent 
26.17 

44.78 
44.22 

I<ength  of 
collection 
period 

^          o                        o  o 
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steers 

s| 
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100  percent.  Foiul  intakes  were  ef|ual  for  the  experimental  and  check 
pigs  of  cacli  pair. 

The  animal  fed  100  percent  yeast  jjrotein  made  .trains  e(jnal  to 
those  of  the  check.  \t  the  75-percent  level  of  substitution,  the  check 
pig  made  faster  gains  early  in  the  experiment.  The  yeast-fed  pig 
picked  up  rapidly,  however,  and  at  the  end  of  the  test  was  only  4 
pounds  lighter. 

At  the  50-percent  le\el.  the  two  pigs  made  the  same  gains.  At  the 
25-percent  level,  the  yeast- fed  pig  did  materially  better  throughout. 

These  tests  indicate  that  cane  molasses  yeast  is  a  satisfactory  pro- 
tein supplement  for  swine. 

The  behavior  of  the  pigs  at  the  25-  and  75-])ercent  levels  of  substi- 
tution suggested  that  a  nutritional  deficiency  might  have  existed  when 
the  check  ration  was  fed.  This  problem  has  since  been  studied  more 
closelw  and  it  has  been  found  that  1  to  2  ounces  of  yeast  per  pig  per 
da\-  caused  recovery  from  the  disease  commonl\-  called  necrotic  enter- 
itis, which  in  the  past  has  been  thought  to  be  due  to  unsanitary  condi- 
tions. This  is  in  line  with  reports  from  California  on  the  need  of  the 
pig  for  certain  i)arts  of  the  vitamin  B  complex. 

Work  along  this  line  is  being  continued.  (Work.  Ilcnkc) 


Figure  6. — /,<'//.  Prsiiiaiillius  znri/atus  ami  rli/lit.  iiinlassrs  i/rass.  tn'o  of  the  feeds 
analyzed  durinti  the  year.   (For  Guinea  yrass,  see  cover.)    The  legume, 
Desmantlius,  is  high  in  protein. 
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Pineapple  Sirup  and  Cane  Molasses  for  Fattening.  Pineapple 
sirup,  a  concentrate  of  pineapple  juice  after  the  removal  of  citric  acid, 
may  become  an  important  byproduct  of  pineapple  canning.  In  order 
to  determine  the  feeding  value  of  this  sirup,  an  experiment  was  set  up 
in  cooperation  with  the  Hawaiian  Pineapple  Company.  Sixty  pigs, 
averaging  62  pounds  initial  weight,  were  divided  into  six  lots  of  10 
pigs  each.  Six  rations  were  fed,  designed  to  compare  pineapple  sirup 
with  cane  molasses  at  three  different  levels  of  intake.  Until  the  pigs 
in  all  lots  averaged  approximately  100  pounds  in  weight  only  two 
levels  of  molasses  and  sirup  were  fed,  after  which  time  the  final  rates 
of  feeding  were  established.  In  every  case  the  energy  and  protein 
requirements  were  ec|ualized  by  adjusting  the  barley  and  protein  ingre- 
dients of  the  feeds.  Free  access  to  fresh  green  feed  or  alfalfa  hay  was 
permitted.  The  test  lasted  for  77  days.  Results  are  shown  in  table  10. 


Table  10. — Gains  in  weight  and  feed  consumption  of  pigs  fed 
various  levels  of  cane  molasses  and  pineapple  sirup 


Supplement : 
Opening  level 
After  100  pounds 

Cane 
molasses 
10% 
20% 

pineapple 
sirup 
10% 

20% 

1  Cane 
molasses 
20% 
40% 

pineapple 
sirup 
20% 
40% 

Cane 
molasses 
20% 
50% 

pineapple 
sirup 
20% 
50% 

Number  of  pigs  

10 

10 

9" 

10 

10 

10 

Average  final 

weight        ( pounds ) 

149.1 

157.5 

150.6 

161.9 

143.4 

160.1 

Average  initial 

weight  do 

62.3 

62.2 

63.3 

62.3 

62.3 

62.0 

Average  gain  (77 

days )  do 

86.8 

95.3 

87.3 

99.6 

81.1 

98.1 

Average  daily 

gain    do 

1.13 

1.24 

1.12 

1.29 

1.05 

1.27 

Total  feed  per 

pig  per  day  do 

5.71 

5.75 

5.99 

6.26 

6.27 

6.43 

Feed  per  pound 

of  gain  ....  do 

5.05 

4.64 

5.35 

4.85 

5.97 

5.06 

^  One  pig  was  killed  after  37  days,  due  to  hemorrhoids;  average  daily  gain  in  this  lot 
was  calculated  on  the  basis  of  9  pigs,  and  average  daily  feed,  on  the  basis  of  7iO  pig-days. 

It  may  be  seen  that  the  pigs  receiving  pineapple  sirup  averaged 
98  pounds  gain  in  weight  and  that  the  three  pens  were  approximately 
equal.  The  pigs  receiving  cane  molasses  g'ained  85  pounds,  on  the 
average.  This  is  a  difiference  of  15  percent  in  favor  of  pineapple 
sirup.  The  pigs  making  the  poorest  gain  were  in  pen  5,  which 
received  50  percent  cane  molasses.  This  would  indicate  that  the  rate 
of  feeding  was  too  high.  Pigs  in  this  pen  also  required  more  feed  to 
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make  a  puund  of  gain  than  in  any  otlu-r.  It  has  been  shown  in  pre- 
vious reports  that  cane  molasses,  prol)al)ly  because  of  its  high  ash  con- 
tent, is  laxative  to  hogs  and  poultry  when  fed  in  excess. 

It  is  ai)])arent  that  molasses  and  pineapple  sirup  can  be  used  to  dis- 
place barley  in  hog  rations  up  to  40  percent  and  50  percent  of  the 
total  r;itions  resjiectively.  The  difference  in  efficiency  (approximately 
15  ])erccnt)  together  with  such  considerations  as  labor  and  time 
re(|tiirc(l  to  bring  the  hogs  to  market  weight  should  determine  the 
value  of  ])inea])ple  sirup  as  compared  to  cane  molasses.  (Work, 
Hcnkc) 

Cooked  Taro  for  fattening.  Ten  i)igs.  averaging  5()  ])Ounds  each, 
were  divided  into  two  lots.  Pigs  in  lot  1  were  fed  all  of  the  whole 
cooked  taro  corms  they  would  eat,  with  free  access  to  a  protein  sup- 
plement composed  of  49  pounds  local  tuna-fish  meal,  49  pounds  so}'- 
bean  oil  meal,  1  pound  salt,  and  1  jjound  bone  meal.  Lot  2  was  fed  a 
check  ration  composed  of  68  pounds  rolled  barley,  20  pounds  cane 
molasses,  10  pounds  tuna-fish  meal,  1  ])ound  salt,  and  1  pound  bone 
meal.  Fresh  green  feed  was  given  daily  to  each  lot. 

The  taro- fed  ])igs  gained  SO  percent  as  much  as  did  the  check  lot 
(1.00  pound  versus  1.24  pounds),  and  consumed  11.6  pounds  taro  plus 
0.87  pound  supplement  to  make  a  pound  of  gain.  The  check  pigs 
required  6.1  pounds  concentrate  to  make  a  pound  of  gain.  (Work. 
Hcnkc,  Tsubota^) 

Papayas  for  Fattcnincj.  Twelve  pigs  averaging  44  pounds  were 
divided  into  two  lots.  One  lot  was  fed  rij^ie  papayas  to  the  limit  of 
appetite  plus  the  same  protein  sup])lenient  described  above  (see  Cooked 
Taro  for  Fattening) . 

In  this  test  the  pigs  fed  the  check  ration  made  a  poiuid  of  gain  on 
4.44  jiounds  of  feed.  The  papaya-fed  pigs  required  ,^1  pounds  of 
papayas  plus  1.37  pounds  supplement  to  ])roduce  a  jxnind  of  gain. 
(Work.  Hcnkc.  Blake^) 

'  Senior  student. 
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Mineralicablc  Nitrogen  in  Soils 

The  rate  of  mineralization  of  soil  nitrogen  is  influenced  by  two 
important  environmental  factors — soil  temperature  and  moisture. 

Samples  of  four  types  of  soils  were  collected  at  weekly  intervals 
from  the  field  during  the  past  year,  wetted  to  optimum  conditions,  and 
incubated  for  3  weeks.  A  very  close  inverse  relationship  was  found 
between  moisture  content  of  the  soils  at  the  time  of  sampling  and  the 
mineralizable  nitrogen. 

Three  soils,  in  both  wet  and  dry  condition  before  wetting  to 
optimum  conditions,  were  incubated  at  S-degree  temperature  intervals 
from  20°  to  35°  C.  Wet  soils  incubated  at  35°  C.  released  about  twice 
as  much  mineralizable  nitrogen  as  the  corresponding  soils  incubated  at 
20°  C.  For  dry  soils  the  increase  in  mineralizable  nitrogen  at  the 
highest  incubation  temperature  was  only  25  percent. 

The  addition  to  soils  of  thiamin  hydrochloride  (vitamin  B^)  in 
amounts  varying  from  0.0001  to  1  milligram  per  100  grams  of  soil 
produced  no  increase  in  mineralizable  nitrogen.  ( Fukiiiiaga) 

Nature  of  Organic  Phosphorus  in  Soils 

Establishing  the  chemical  nature  of  the  organic-phosphorus  com- 
pounds in  soil  has  long  been  recognized  as  essential  to  a  proper  under- 
standing of  the  significance  of  soil  organic  phosphorus,  particularly  in 
relation  to  plant  nutrition.  In  many  soils,  organic  phosphorus  is 
present  in  considerable  quantities  but  apparently  is  not  readily  trans- 
formed into  inorganic  phosphates  which  plants  can  utilize. 

In  an  attempt  to  identify  the  organic-phosphorus  compounds  in 
cultivated  Hawaiian  soils,  inositol  was  isolated  for  the  first  time  from 
organic-phosphorus-bearing  soil  material.  The  isolation  of  inositol 
from  three  soils  indicates  the  presence  of  inositol-phosphate  com- 
pounds. It  is  interesting  to  note  that,  whereas  previous  workers  had 
reported  nucleic-acid  compounds  in  other  soils,  the  present  investiga- 
tion failed  to  show  either  purine  or  pyrimidine  laases  in  organic- 
phosphorus  soil  material. 
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An  ash-free  orjjanic-phosphoru.s  product  isolated  from  soil  gave 
inositol  and  ])liosphoric  acid  on  livdrolysis.  The  ])hos])h()nis  and  nitro- 
gen contents  of  the  anunoniuin  salt  of  this  ])r()(luct  suggest  inositol 
inono])hosi)hate. 

Ouantitative  estimation^  of  inositol  Iil:)erated  hy  hydrolyzing 
organic-]5hosphorus  soil  material  showed  that  inositol-ph( isi)hate  com- 
]iounds  account  for  onI\'  a  jiart  of  the  total  soil  organic  phosphorus. 
I  VosJiidai 

Soil  Studies  Zi'ifh  Radioactive  Phosphorus 

\\  ith  radioactive  phosphorus,  it  is  ])Ossihle  to  trace  the  amount  and 
rate  of  movement  into  plants  of  i)hosi)hates  which  have  heen  a])p]ied 
to  a  soil,  without  interference  from  the  native  soil  phosphorus. 

The  uptake  of  radioactive  i)hosi)h{jrus  by  tomato  seedlings  grown 
in  a  series  of  12  selected  Hawaiian  soils  and  in  sand  and  water  cultures 
was  studied.  Approximately  70  percent  of  the  i)hosi)horus  added  to 
the  sand  and  water  cultures  was  found  in  the  ashes  of  seedlings  har- 
\ested  ()  days  after  fertilization,  whereas  seedlings  grown  in  various 
soil  cultures  for  19  days  after  fertilization  contained  from  0.03  to 
2.7  percent  of  the  original  radioactive  phosphorus.  When  Sudan  grass 
seedlings  were  grown  on  the  same  12  soils,  they  extracted  more  phos- 
])horus  from  certain  of  the  soils  than  did  tomatoes.  Apparently  the 
availability  of  phosphorus  fertilizers  mixed  in  soils  is  influenced  by 
the  species  of  plant  grown  as  well  as  the  sorption  or  fixing  power  of 
the  soil.  Subsequent  studies  indicate  that  the  distribution  of  roots 
throughout  the  soil  mass  also  atl'ects  fertilizer  uptake. 

Chemical  measurements  of  the  power  of  the  various  soils  to  sorb 
or  fix  iihos])hates  from  aqueous  solutions  paralleled  results  froiu  the 
aljove-descrihed  hiolcjgical  method  with  tomatoes.  However  when 
Sudan  grass  was  the  test  plant,  the  agreement  was  unsatisfactory. 
Ajijiarenth'  v^udan  grass  can  utilize  some  of  the  i)hosphorus  which  has 
heen  fixed  hv  the  soil,  i  Fmllard .  Dean  ) 

I^olarogra ph ic  .~i luilyscs 

.\  ])olarograph  (see  fig.  7)  was  constructed  for  the  (piantitative 
determination  of  heavy  metals  pre.sent  in  small  (juantities  in  soils  and 
plants.  Investigations  of  methods  of  preparing  satisfactory  solutions 
of  the  substances  to  he  analyzed  are  under  way.  A  rapid,  simple,  and 
accurate  procedure  for  determining  zinc  in  ])lant  tissues  is  being 
a])])lied  to  a  study  of  zinc  deficiency  in  i)ineai)i)le  plants.  (Pcan) 


Figure  7. — Polarograph 
constructed  in  station  lab- 
oratory for  dctcriuination 
of  small  quantities  of 
metals  in  soils  and  plants. 


Boron  Studies 

The  total  l)oron  content  of  a  series  of  20  representative  Hawaiian 
surface  soils  was  found  to  range  from  10  to  60  p.p.m.,  and  the  avail- 
able or  hot-water-solution  boron,  from  0.2  to  2.6  p.p.m.  The  colori- 
metric  method  of  Berger  and  Truog  was  employed.  Only  three  of  the 
soils  investigated  were  in  the  deficient  range. 

In  a  study  of  the  vertical  distribution  of  available  boron  in  profile 
samples,  the  surface  soils  in  all  instances  contained  at  least  twice  as 
much  boron  as  the  corresponding  subsoils.  ( Dean,  Tanada^) 

Base  Saturation  of  Soils 

Bjfccl  on  Plant  Grotvth.  Greenhouse  studies  to  determine  the 
effect  of  base  saturation  on  growth  of  plants  employed  artificial  soils 
composed  of  base  exchange  materials  and  quartz  sand.  The  base 
exchange  materials  were  of  two  types — clay  separated  from  bentonite, 
and  humus  separated  from  high  organic  soils. 

To  date  progressive  inhibition  of  growth  of  Sudan  grass  seedlings 
in  bentonite  cultures  occurred  when  saturation  was  less  than  20  per- 
cent. zVpparently  the  inhibitory  efTect  is  more  marked  in  the  case  of 
root  growth  than  in  the  case  of  top  growth. 

When  base  saturation  was  below  20  percent,  normal  growth  of 
Sudan  grass  seedlings  in  sand-bentonite  cultures  was  not  obtained. 
Progressive  inhibition  occurred  as  the  saturation  was  reduced  below 
this  point.   ( Roscndahl) 

Sorption  of  Potassium  and  Amwouiiini.  Soils  of  substantial  areas 
of  the  Hawaiian  Islands  are  in  a  low  state  of  base  saturation  because 
of  high  rainfall.  Several  investigators  have  shown  that  the  ability  of 
soils  to  retain  potassium  decreases  as  base  saturation  increases.  It  is 

1  Student  assistant. 
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])r()I);il)le  that  anmionium  is  similarly  affected  by  the  presence  or 
ahst'iice  of  exchani^eahk'  bases  in  the  soil. 

In  Hawaii  nitroi^en  and  at  times  potassium  are  commonly  apjihed 
to  cane  fields  throus^h  the  medium  of  the  irrigation  water.  The  sorb- 
ability  of  these  bases  at  the  resulting-  himh  dilutions  has  not  i)reviously 
been  studied. 

A  soil  from  a  humid  district  where  irri<^ation  is  unnecessary  and 
one  representative  of  the  drier  irrigated  cane  lands  were  treated  in 
such  a  manner  as  to  yield  soil  sam])les  at  various  degrees  of  calcium 
saturation.  The  abilities  of  the  soils  thus  prepared  to  sorb  potassium 
and  ammonium  were  determined. 

It  was  found  that  the  concentration  of  jxjtassium.  or  of  ammonium, 
in  the  percolating  solutions  was  a  factor  of  the  greatest  importance  in 
the  sorption  of  these  salts.  When  the  concentration  was  sufficiently 
low  (N/1000),  little  or  no  sorption  took  place.  Sorption  of  potassium 
and  ammonium  was  found  to  increase  as  the  degree  of  base  saturation 
of  the  soil  increased.  The  effect  of  this  factor,  how'ever,  was  less  than 
that  of  concentration.  On  acid  soils  sor])tion  from  the  sulfates  of 
potassium  and  ammonium  was  found  to  be  materially  greater  than 
sorption  from  the  corresponding  chlorides.  (Ayrcs^) 

Co ffce  Invest igaf ion s 

I'crfiUccrs  and  )'icl(ls.  'J'he  fertilizer  ex])eriment  with  coffee  trees 
maintained  at  the  I'^ukuda  farm  in  the  Kona  district  was  revised  in 
January  1*'38  by  halving  each  of  the  plots,  thus  making  ten  treat- 
ments instead  of  the  original  five.  The  changes  in  treatments  and  the 
resulting  yields  for  the  past  2  years  are  indicated  in  table  11. 

From  these  yield  data,  the  following  conclusions  were  drawn : 
(1)  ResjKjnse  of  ])otash-starved  trees  to  ])otash  fertilization  was  not 
detected  until  the  .second  year;  (2)  application  of  80  pounds  of  potash 
per  year  was  as  effective  as  application  of  160  pounds  :  (3 )  no  changes 
in  yield  were  obtained  when  the  trees  previously  adequately  fertilized 
received  80  ])ounds  of  nitrogen  less  or  80  ])ounds  of  jiotash  more  ])er 
year;  (4)  the  addition  of  sodium  chloride  to  ])otash-deficient  trees 
had  no  measurable  effect. 

I'crtiliacrs  and  Leaf  Analysis.  I 'reliminar_\'  studies  of  the  chemical 
composition  of  coffee  leaves  indicate  that  such  foliar  diagnoses  may 
serve  as  a  valuable  index  to  the  fertilizer  re(|uiremcnts  of  the  trees. 

1  Graduate  stiulLiit. 


Figure  8.— The  story  behind  enffee  analyses:    A,  Fertilizing  tree;  B,  picking 
leaves;  C,  photographing  color  of  leaves;  D,  choppine,  leaf  samples;  E,  drying 
samples  in  tray  drier;  and  F,  lueighing  leaf  samples  prior  to  analysis. 
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Table  11. — Effects  of  fertilizers  on  yields 
of  coffee  trees  at  Fukuda  farm 


Original 

Revised 

1938 

1939 

treatment 

treatment 

yield 

yield 

1930  19381 

1938-19401 

per  tree 

per  tree 

Pounds 

Pounds 

8-8-8 

4-8-8 

20.8 

31.3 

8-8-8 

21.1 

37.0 

8-4-0 

1.1 

1.8 

8-0-0 

\  8-4-0 

Kind  XaCl 

2.8 

3.9 

0-0-0 

0-4-8 

4.2 

20.4 

0-4-4 

3.7 

19.3 

\  8-4-4 

8-8-0 

}  and  XaCI 

3.4 

17.5 

8-4-4 

2.5 

22.5 

8-0-8 

8-0-8 

26.1 

31.7 

8-0-12 

20.9 

33.3 

Stividanl  error 

of  difference 

3.5 

5.0 

1  Fertilizer  mixtures  indicated  were  applied  at  the  rate  of  2.000  pounds  per  acre  per 
annum. 


The  leaf  sam])les  are  compared  with  a  color  cliart  devLsed  at  this 
station  before  being  analyzed  for  total  nitrogen,  nitrate  nitrogen,  and 
total  potash  (see  fig.  8).   (Dcaii,  Pufntiiaga.  Beaumont ) 


Entomology 


Insect  Surveys 

Surve}"S  of  the  insects  of  important  crops  have  included  records 
of  occurrence,  severity  of  attack,  and  distriljution.  To  date,  most  of 
this  work  has  been  done  on  the  island  of  Oahu.  where  acreages  are 
greatest  of  the  particular  crops  first  selected  for  study.  The  major 
pests  of  beans,  papaya,  and  Irish  potatoes  ha-\'e  now  been  determined. 

Garden  Bean.  Insects  of  major  importance,  observed  chiefly  on 
the  popular  green-podded  pole  varieties,  are  listed  below : 

The  Chinese  rose  beetle  (Adorctus  s'uiicns),  when  abundant,  skele- 
tonizes the  foliage. 

The  bean  pod  borer  (Maruca  testidalis)  bores  into  blossoms,  pods, 
and  stem.  Attacks  on  blossoms  and  pods  cause  complete  destruction 
of  these  parts  or  result  in  unmarketable,  deformed  pods ;  attacks  on 
larger  pods  render  them  unsalable.  The  insect  is  not  widespread,  but 
in  those  sections  in  which  it  occurs  it  is  ver_\'  destructive  during  the 
warmer  months. 

The  bean  leaf  hopper  ( Euipoasca  solana)  is  widespread  on  Oahu 
but  is  most  abundant  in  hot,  dry  sections  such  as  Lualualei ;  it  feeds 
b}^  sucking  the  sap  from  the  undersurfaces  of  the  leaves  and  causes 
"hopper])urn." 

The  bean  capsid  or  squash  capsid  (Pycnodercs  qitadrimactdafus) 
is  another  leaf-sucking  bug  which  feeds  on  the  vuidersurfaces  of  the 
leaves. 

The  bean  or  cowpea  aphid  (Aphis  medicagiiiis )  is  occasionally 
abundant  on  foliage,  stems,  or  pods. 

Two  species  of  mite  are  destructi\'e  to  beans :  a  white  mite  (a 
tarsonemid  species)  attacks  and  causes  deformity  of  young  foliage, 
and  a  "red  spider"  (TctranycJius  sp. )  occurs  on  the  undersurfaces  of 
the  leaves. 

Papaya.  The  most  important  pests  of  papaya  are  mites.  The  white 
mite  (a  tarsonemid  species)  causes  leaves  to  be  distorted,  leathery, 
crinkled,  yellowish  in  color,  and  much  reduced  in  size  (see  fig.  9). 


]'ii/iirc  <.). — /,(•//.  nitnnal  papaya  tree:  n;/lil,  lypwal  distortuni  nt  Icaics  niuscd  hy 
iiifcslalioiis  zatli  in'Iiitc  mites  {Heniitarsonemus  latiis  (Haiilcs)]. 


Hea\  \'  infestations  ma}'  kill  thf  IcadtT  or  the  entire  tree.  "Red  sjiider" 
( Trtrniiyrliiis  sp.' )  is  the  commonest  ])est  of  hoth  \  oun<4'  and  malnre 
trees.  It  is  ])artieularly  alnindant  in  hot,  dry  regions  or  during  periods 
of  low  rainfall.  Infested  trees  are  unthrifty,  the  leaves  acquire  a 
hlotchw  yellowish  color,  and  fruit  may  he  scarred. 

Next  to  mites  in  importance  are  various  sucking  insects.  Although 
these  are  in  general  not  ahundant,  one  or  more  species  may  l)e  vectors 
of  ])a])aya  mosaic  (see  annual  rejiort  for  1939.  jjp.  ?i7  and  f)9).  The 
onion  thrips  (Tlirips  tahaci)  and  the  green  ])each  a])hid  (Myziis  pcr- 
sicac)  are  the  commonest  sucking  insects,  although  their  occurrence 
is  patchy  and  si)ora(lic.  Tissue  derangement  follows  heavy  infestations. 

Irisli  Potato.  Major  insects  ohserved  on  ])otatoes  at  Poamoho 
farm  (elevation  700  feet)  include  foliage  feeders,  sap-sucking  insects, 
and  stem  and  tuher  insects.  Relative  ahundance  of  the  respective 
species  varies  with  season  and  from  year  to  year  so  that  it  is  difficult 
to  say  which  species  should  be  considered  the  most  important.  Tuher 
moth  ( Gnoriiitoscliciiia  opcrcitUcla)  is  important  during  the  warmer 
mi  >nths. 

lJ)uring  the  winter  months  when  ])otato  production  is  greatest, 
foliage  destruction  may  he  caused  by  grasshoppers  ( ConoccpJialus 
saltator  and  O.ry*;  chiiicnsis ) .  Ijeet  armyworm  f  Laphygiiia  cxujua).  or 
garden  looper  ( Autoyraplut  chalcifcs ) .  The  importance  of  cutworms 
which  attack  foliage,  stems,  and  tubers  varies  from  year  to  year.  The 
green  ])otato  aphid  (Macrosiplutin  gci).  the  cotton  aphid  (.Iphis 

1  At  lc;ist  three  species  of  Tetranychidae  have  now  been  distinguished. 
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gossypii),  and  the  green  peach  aphid  (My::iis  pcrsicac)  are  the  most 
important  sap-sucking  insects.  Predators  and  parasites  occur  in  the 
field,  but  inclusion  of  an  insecticide  such  as  nicotine  sulfate  in  the 
routine  spray  is  essential  for  control.  (Holdazvay,  Look) 

Bean  Pod  Borer 

J'arictal  Susceptibility.  In  a  test  comprising  15  varieties  of  pole 
beans,  a  considerable  range  in  susceptibility  to  pod  borer  was  found. 
While  routine  pest  control  measures  reduced  damage  to  some  extent, 
the  Japanese  variet}',  Kabuto,  resistant  to  rust,  appeared  least  sus- 
ceptible to  pod  borer,  and  a  strain  of  Kentucky  Wonder,  also  resistant 
to  rust,  appeared  most  susceptible. 

CJieniical  Control.  In  continuation  of  work  begun  by  Parris  and 
Kikuta  on  the  control  of  Chinese  rose  beetle  (annual  report  for  1937) , 
a  field  ex])eriment  has  been  carried  out  with  a  spray  of  tetra  methyl 
thiuram  disulphide,  now  procurable  commercially^  as  "Japanese  beetle 
spray."  The  variety  of  bean  was  Morse's  191,  a  pole  variety  highly 
resistant  to  rust  but  very  attractive  to  pod  borer  as  well  as  to  the  rose 
beetle.  The  spray  was  applied  at  a  strength  of  2^4  pounds  per  100 
gallons,  at  weekly  intervals.  During  the  period  of  maximum  growth 
of  the  plants,  the  spray  was  applied  at  intervals  of  4  to  5  days.  A 
commercial  preparation  of  pyrethrum  and  rotenone  was  used  to  con- 
trol leaf  hopjDers  and  aphids  in  both  the  spray-treated  and  check  plots 
during  the  major  portion  of  the  period  of  spray  application.  Reduc- 
tion of  damage  by  the  rose  beetle  was  slight,  but  there  was  a  marked 
reduction  of  damage  by  pod  borer  (Maruca  testulalis). 

The  following  conclusions  have  been  drawn  from  the  study: 

1.  A  high  proportion  of  culls  resulted  from  damage  by  pod  borer ; 
the  culls  vv'ere  either  deformed  through  attack  of  the  borer  on  the 
young  pods  or  contained  evidence  of  fresh  attack  (see  fig.  10). 

2.  The  total  yield  (marketable  pods  plus  culls)  was  22.5  percent 
greater  in  the  experimental  plots  than  in  the  check  plots. 

3.  The  marketable  crop  was  58.5  percent  higher  in  the  sprayed 
plots  than  in  the  check  plots. 

4.  During  the  peak  of  harvest  the  percentage  increase  in  crop  of 
sprayed  beans  over  check-plot  beans  reached  75  percent  on  the  basis 
of  total  yield  and  190  percent  on  the  basis  of  marketable  pods. 
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Tetra  nictliyl  thiurani  disulphide  is  cunipatible  with  the  insecticides 
likely  to  be  used  on  beans  and  apparently  exerts  some  control  on  the 
mites  which  infest  the  bean  plants.  ( U olihm'ay ,  Look) 

BioIoij;ica!  Control  of  Cahhai^c  Worm 

Cabbage  is  attacked  by  several  destructive  insects,  the  most  impor- 
tant of  which  is  the  cabbage  worm  (Picris  rapac).  At  the  present  time 
it  is  necessar}-  to  spray  or  dust  to  control  cabbage  worm.  An  addi- 
tional biological  check  in  the  nature  of  an  efficient  parasite  would 
reduce  losses  and  ])nKluction  costs.  In  a  survey,  made  during  the 
autumn  and  early  winter,  involving  2,670  individuals  in  38  collections 
from  5  islands,  Apaiitclcs  glomcratus  and  Froiitiiui  arcliippivnra  were 
the  only  parasites  of  significance  operating  on  cabbage  worm.  Para- 
sitism by  xA.  (/loincratus .  the  most  efficient  parasite  of  cabbage  worm 
in  Hawaii,  was  negligible  at  elevations  under  1,000  feet  except  on 
Katiai,  where  27-percent  parasitism  was  found  in  648  larvae. 

.\  "wilt"  disease,  possibly  virus  in  nature,  was  responsible  for  high 
mortalit}-  of  cabbage  worms,  particularly  at  elevations  of  less  than 
1,000  feet.  In  many  places  where  wilt  occurred,  parasitism  by  A.  cjloin- 
cnitiis  was  nil,  while  the  maximum  parasitism,  95.7  percent,  was 
recorded  from  a  place  where  "wilt"  disease  was  not  recorded  (eleva- 
tion 2,100  feet). 

Figuri'  III. — Dcinimed  pods  of  the  garden  heart,  resulting  from  ii/lnik  hy  the 
bean  pod  borer  (Mariica  testulalls). 
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Presence  of  "wilt"  disease  in  the  host  larva  affects  parasitism  by 
A.  gloineralus  through  the  parasite  larvae,  which  die  if  the  host  larva 
is  affected  by  wilt.  On  the  other  hand  larvae  of  the  Tachinid  fly 
parasite  Proutiua  archippivora.  if  well  developed  when  the  host  suc- 
cumbs to  the  disease,  are  able  to  emerge  from  diseased  host  larvae. 

Results  obtained  at  another  season  (see  annual  report  for  1939) 
and  supported  by  those  obtained  in  the  survey  under  discussion,  indi- 
cated that  the  fly  parasite,  F.  archippiz'ora,  is  affected  less  by  insecti- 
cides than  is  A.  glouieratus.  These  results  and  those  which  show  that 
mortality  from  wilt  disease  is  less  in  F.  archippivora  indicate  the  desir- 
ability of  securing,  if  possible,  an  efficient  parasite  in  the  family 
Tachinidae.  ( Floldatvay.  Lucas) 

Corn  Borzvonii  on  Tomatoes 

The  corn  earworm  (Hcliotliis  aruiigcra)  is  the  most  important 
insect  attacking  tomatoes  in  Hawaii,  often  causing  losses  of  50  per- 
cent or  more  and  necessitating  intensive  spray  measures.  It  apparently 
breeds  throughout  the  year  at  elevations  from  sea  level  to  2,000  feet. 
The  presence  of  corn  in  the  vicinity  of  tomato  crops  appears  to  be  a 
major  factor  in  producing  heavy  infestations  in  tomatoes. 

There  are  apparently  no  parasites  specific  to  corn  earworm.  Such 
parasites  as  have  been  reared  from  it  ( Hyposotcr  cxignac,  Frontina 
archippiz'ora,  Buplcctrus  plaiyliypcimc,  and  Fristoincrus  liazvaiicnsis) 
account  for  a  very  low  percentage  mortality ;  they  are  primarily  para- 
sites of  other  lepidopterous  insects,  particularly  the  armyworms,  and 
have  been  obtained  from  earworms  attacking  tomato  and  potato.  To 
date  no  parasites  have  been  reared  from  larvae  attacking  corn. 
(Hnldazvay) 

Ecology  of  the  Tomato  Bug 

Continued  observations  on  the  tomato  bug  (Cyrtopcltis  varians) 
during  the  past  year  confirm  the  general  remarks  made  in  the  last 
annual  report  to  the  effect  that  the  bug  is  abundant  in  hot,  dry  regions 
and  not  in  cool,  moist  regions.  The  following  plants  have  been  added 
to  the  list  of  hosts:  long  squash,  watermelon,  dishcloth  gourd,  and 
the  hairy  morning  glory  (Ipomoea  pcntaphylla) .  On  morning  glory 
and  dishcloth  gourd,  as  on  tomato,  the  bugs  produced  feeding  scars. 
Although  no  other  host  plant  yet  recorded  produces  populations  com- 
parable to  those  sustained  by  tomato,  morning  glory  to  date  ranks  next 
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to  tonuitd.  In  view  of  the  fact  that  tomato  is  apparently  the  only  jdant 
on  which  lars^e  |)oinilations  develop,  a  cessation  of  tomato  jirodnction 
is  advised  in  hot.  dr\-  rei;ions  dnrint^"  the  summer  months  when  the 
hugs  are  most  numerous  and  i)roduction  is  most  hazardous  from  other 
factors.  There  is  evidence  that  such  a  cessation  of  tomato  ])ro(luclion, 
liarticularK'  when  associated  with  judicious  croj)  rotation,  will  do  much 
to  control  the  hug  ])oi)ulation. 

( )i)servations  made  at  I'oamoho  (700  feet)  showed  that  hugs  on 
tomato  plants  infested  with  a])hids  attacked  the  aphids  and  not  the 
tomato  stems.   ( Holihm'ay,  Look) 

AluDuiancc  of  .Ifi/iis  i^ossyf^ii 

I'Or  the  ])ast  two  \ears  olxservations  have  heen  made  on  changes 
in  ahundance  of  /if>liis  gossyf^ii  on  hihiscus  at  the  University  cam])us. 
This  ajihid  is  one  of  the  most  important  economic  species  in  Hawaii. 
It  attacks  cucurhit  crops,  potato,  tomato,  and  many  other  ])lants  and 
is  the  vector  of  several  virus  diseases  of  economic  ])lants.  There  are 
two  main  peaks  of  alnindance,  one  in  the  autumn  and  the  other  in  the 
s])ring.  ^Seasonal  changes  in  temperature  and  relative  humidity  are 
small  and  show  no  correlation  with  changes  in  ahtindance  of  the 
aphids.  There  is  no  major  correlation  hetween  a])hid  ahundance  and 
rainfall  although  observations  made  in  1939-40  suggest  that  rainfall, 
or  lack  of  rainfall,  may  play  a  part.  The  most  important  factor  is 
apparently  amount  of  sunlight.  High  amounts  of  sunlight  and  low 
amounts  both  ()i)erate  to  decrease  aphid  abundance.  The  o])tiiuum 
apjiears  to  he  in  the  vicinity  of  5,000  foot  candles  per  day. 

Sixteen  species  of  predator  have  heen  observed  as  exerting  an 
effect  on  the  ahundance  of  the  aphids;  the  lady  bird,  Coclo/^hora 
inacijiialis  was  the  commonest.  The  Braconid  parasite  Lysiplilcluis 
tcstacci f^cs.  which  has  been  considered  an  efficient  parasite  both  in 
Hawaii  and  elsewhere,  was  present  during  only  a  few  months  each 
vcar.  The  evidence  suggests  that  it  is  neither  an  abundant  nor  an 
efficient  ])arasite  at  the  scene  of  the  observations.  {Holdai^'ay.  Lucas) 

Miscellaneous  Crop  Insects 

Miscellaneous  insects  which  have  damaged  crops  during  the  i)ast 
year  are  discussed  briefly  below: 

Mitr(/aiitia  liistrioiiica  (Harlequin  cabbage  bug).  Distribution  of 
the  cabbage  bug  is  apparently  still  restricted  to  the  region  of  Oahu 
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extending  from  Ewa  to  Lualualei.  It  has  been  recorded  from  Nana- 
kuli  in  this  region.  Another  crop,  daikon,  has  been  found  to  be 
attacked.  The  Board  of  Agriculture  and  Forestr\'  has  introduced  an 
egg  parasite  ( Oocncyrtus  johusoni)  from  California  and  has  liberated 
it  in  the  infested  area. 

Nysiiis  iiciuorivagus.  During  the  past  year  this  insect  was  recorded 
breeding  abundantly  on  Chinese  cabbage  and  cucumbers  in  the  Kilauea 
Volcano  district  of  Hawaii  (4,000  feet)  during  October,  February, 
April,  and  May,  and  on  Chinese  cabbage  at  Kona,  Hawaii.  At  Kilauea 
it  also  attacked  hard-skinned  squash.  At  Kona  adults  were  found  in 
numbers  around  roots  of  Solanuin  nodifloruin  in  Chinese  cabbage 
fields.  Only  once  before  has  this  Lygaeid  been  recorded  attacking 
an  economic  plant.  In  June  1933  Dr.  M.  B.  Lin  ford  found  it  attack- 
ing the  terminal  shoots  of  Irish  potato  plants  on  Parker  Ranch, 
Hawaii,  at  an  elevation  of  5,850  feet. 

Laphygma  cxigua  (beet  armyworm).  Beet  army  worm  caused 
considerable  damage  to  a  number  of  crops  during  the  past  year,  espe- 
cially on  Oahu  but  also  at  Kahaluu,  Kona,  Hawaii.  Broccoli,  pea, 
Chinese  pea,  Chinese  spinach,  head  cabbage,  Irish  potato,  and  tomato 
are  crops  recorded  as  being  damaged  markedly.  The  damage  occurred 
over  a  wide  range  of  climatic  conditions  from  very  dry  and  hot  to 
moderately  moist  and  cool.   (Hohhnvay,  Look,  Lucas) 

Insects  Not  Foniiciiy  Recorded  in  Hawaii 

The  following  insects,  not  previously  reported  as  occurring  in 
Hawaii,  have  been  recorded : 

AiupJwrophora  soiichi  on  tomato,  Lualualei,  Oahu 

Autographa  brassicac  (cabbage  looper)  on  cabbage  and  cauliflower, 
Oahu,  Maui,  Molokai,  and  Kauai 

Microinyzus  forniosaiius  (onion  aphid)  on  chives  and  Japanese 
onion,  Kaneohe  and  Waipahu,  Oahu 

Mysus  circuinflexus  (lily  aphid)  on  papaya  and  rose,  Koko  Head, 
Kailua,  and  Honolulu,  Oahu 

RhopalosipJnim  pscudohrassicac  (turnip  aphid)  on  broccoli,  Chi- 
nese cabbage,  and  tomato,  Waipahu,  Kipapa,  and  Kaneohe,  Oahu. 
(Holdazvay,  Look,  Lucas) 
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.\  cw  J  lost  k'ccords  for  Ilazcaii 

The  following  host  records  of  economic  insects  have  not  formerly 
1  icen  made  in  I  lawaii : 

.liiiorhiii  ciiiigratcUa  (Mexican  leaf  roller)  attacking  broccoli, 
pa])aya,  ])eannts.  ])otato.  and  tomato 

AfiJiis  iiiaidis  (corn  leaf  ai)hid  )  breeding  on  |)a])aya  and  tomato 

.If^liis  iiu'illcdi/inis  (bean  or  cowpea  aphid  )  breeding  on  asparagus 
in  ti])S 

.  I  phis  iiiiddlcliini  (  lu'igeron  root  a]:)hid  )  breeding  on  ])ai)a_\a  and 
tomato 

Eiiifioasca  solana  (bean  leafhop])er)  in  abundance  on  lettuce  and 
on  peanuts 

Hcliutliis  aniiiijcra  (corn  earvvorm)  larvae  attacking  foliage  of 
Chinese  peas,  fruit  of  eggplant,  fruit  of  Italian  gourd,  foliage  of  car- 
rot, head  lettuce  and  pods  of  lima  lieans.  No  adults  emerged  from 
larvae  which  fed  on  lettuce.  ( Holcituvay,  Look.  Lucas) 
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Truck  Crops 

Asparagus.  Winter  temperatures  in  Hawaii  are  high  enough  for 
continuous  growth  of  asparagus,  and  the  plant  goes  through  no 
dormant  period.  Small  commercial  plantings  in  recent  years  have 
shown  rapid  decline  in  plant  vigor  and  resultant  small  spears.  Limited 
quantities  that  have  been  grown  for  out-of-season  (winter)  shipment 
to  the  mainland  ha^-e  commanded  high  prices,  however.  Crowns  of  the 
Mary  Washington  variet}^  were  planted  in  the  summer  of  1939  at 
Poamoho  farm  to  secure  data  on  time  of  harvest  ( season ) ,  length  of 
life,  spear  quality,  spacing,  and  sex. 

Snap  Beau.  Pole  varieties.  The  Kentucky  Wonder  Rust-Resistant 
Brown-Seeded  variety  is  highly  resistant  to  the  rust  found  in  Hawaii, 
and  crosses  have  been  made  with  the  popular  rust-susceptible,  flat- 
])odded  variety  Lualualei.  These  crosses  have  now  been  carried  to  the 
second  or  segregating  generation  and  selections  combining  desirable 
commercial  characters  and  rust  resistance  are  being  made. 

BusJi  varieties.  In  a  test  of  bush  snap  beans,  the  following  varieties 
gave  satisfactory  yields  of  good  quality  beans:  Bountiful,  Black 
Valentine,  Commodore.  Giant  Stringless  Green  Pod,  and  Hawkesbury 
Wonder. 

Tomato.  Tests  of  the  performance  of  many  varieties  of  tomatoes 
have  been  conducted  at  Waipahu,  Oahu,  since  1936.  Marglobe, 
Pritchard,  and  Break  O'Da}-,  among  the  standard  varieties,  have  given 
good  yields  of  high  quality  fruits  where  spotted  wilt  and  corn  ear- 
worms  were  not  limiting  factors.  Cooperative  work  with  the  pathol- 
ogy department  in  testing  and  selecting  tomatoes  for  resistance  to 
spotted  wilt  is  in  progress  (see  p.  67).  The  disease  is  extremely 
destructive,  and  breeding  for  resistance  appears  to  be  the  most  logical 
attack  for  the  horticulturist. 

Lettuce.  Observations  in  the  past  few  years  have  show-n  that  good 
quality  head  lettuce  cannot  be  produced  at  lower  elevations  throughout 
the  Territory  in  summer.  Variety  tests  in  midwinter  (1939-40)  at 
Waipahu  included  the  Imperial  strains  847,  152,  and  44.  Large  heads 
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of  medium  Firmness  were  produced  1)y  all  three  varieties,  hut  Imperial 
847  apju-ared  slit^htly  more  desirahle  than  the  other  two.  These  trials 
will  ])e  repeated. 

Celery.  A  test  ])lantin,q'  of  celery  varieties  was  grown  near  Wai- 
])ahu  in  the  winter  of  19,^9.  Crispheart  and  Utah  Green  jiroduced  the 
highest  quality  ])lants.  It  was  apparent  that  temperatures  in  winter  at 
this  location  were  favorable  to  fair  quality.  The  varieties  were  planted 
for  a  summer  test,  also,  but  failed  to  produce  a  marketable  product. 
Further  testing  of  the  crop  in  various  localities  is  desirable  to  deter- 
nuiie  seasonal  requirements. 

CaiilifloiK'er.  1  )uring  the  past  year  several  varietal  tests  were 
]ilanted  near  \\  aijiahn,  to  determine  growth  Ijehavior  in  different  sea- 
sons at  this  low  elevation.  It  was  fovuid  that  the  jxipular  mainland 
variety.  Snowball,  gave  a  satisfactory  crop  in  the  winter  season,  but 
only  Early  IMarket  and  Karly  I'enares,  secured  from  India,  were  suc- 
cessful in  the  warmer  weather  of  late  spring.  Teni])eratures  are  too 
high  in  summer  for  ])roduction  of  good  (jualit\'  cauliflower  at  low  ele- 
vations. (Siditida,  TachibdiiaJ 

Potato 

J'ariety  Tests.  \'ariety  tests  have  been  continued  at  I'oamoho 
farm.  Xo  variety  apjiears  su])erior  to  Bliss  Triunijih  or  Liritish  Queen, 
the  two  now  being  grown  on  most  of  the  commercial  acreage.  Resis- 
tance to  earl\-  blight  would  be  particularly  desirable,  and  further  acqui- 
sitions will  be  tested  for  this  character. 

Culture.  In  a  spacing  test  at  Poamoho,  distances  between  ])]ants  in 
the  row  were  9,  12,  15,  and  18  inches.  Highest  yields  were  obtained 
from  12-inch  spacing.  Wider  spacings  gave  larger  tubers,  but  the 
average  number  per  plant  was  smaller  and  yields  were  lower.  The 
9-inch  spacing  gave  tubers  too  small  to  be  commercially  desirable. 
These  results  agree  with  work  of  the  ])revious  year,  and  this  phase  of 
cultural  studies  will  be  discontinued. 

Ferfilicer  Plaeeiuent .  A  fertilizer-placement  test  coni])rised  the 
following  practices:  (1)  Continuous  bands  2  inches  below  and  2 
inches  on  each  side  of  seed  ]Meces ;  (2)  continuous  bands  2  inches 
above  and  2  inches  on  each  side  of  seed  pieces;  (3)  continuous  bands 
on  level  with  seed  pieces  and  2  inches  to  each  side ;  and  (4)  fertilizer 
thoroughlv  mixed  with  soil  in  row  before  seed  ])ieces  were  dropped. 
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No  statistically  significant  differences  were  found  among  treat- 
ments 1,  3,  and  4.  Treatment  2  gave  a  lower  yield.  Overhead  irriga- 
tion was  provided  when  necessary.  ( Sumida ) 

Seed  Storage.  Importation  of  seed  for  the  production  of  winter 
crops  of  potatoes  has  been  the  accepted  practice  for  many  years. 
Investigations  to  determine  the  possibility  of  using  home-grown  seed 
have  been  under  way  for  3  years.  Virus  diseases — spindle  tuber, 
spotted  wilt,  and  mosaic — make  difficult  the  maintenance  of  healthy 
seed  stock  in  the  Territory  over  a  period  of  years.  However,  importa- 
tions can  be  reduced  to  the  quantity  necessary  to  grow  the  seed  stock 
for  the  following  year.  Seed  stocks  only  one  generation  away  from 
im])orted  seed  yield  as  well  as  newly  imported  seed  when  properly 
stored.  Seed  imported  from  North  Dakota,  grown  at  Poamoho.  Oahu, 
and  stored  at  various  temperatures  were  then  replanted  at  Poamoho 
with  the  results  shown  below  : 

Storage  conditions  Yield  per  50  plants^ 

°  F.  Pounds 

36  19.4 

38  26.8 

40  18.9 

50  23.0 
Newly  imported 

(no  storage)  24.4 

1  A  difference  of  2.9  pounds  is  required  for  significance. 

From  the  above  data  it  is  seen  that  no  significant  differences  in 
}'ield  occur  between  island-grown  seed  potatoes  stored  at  38°  F.  or 
50°  F.  and  newly  imported  seed.  Long  sprouts  are  produced  during 
storage  at  50°  F.,  however,  so  that  temperature  is  not  recommended. 
These  results  confirm  earlier  reports  that  a  38°  F.  storage  tempera- 
ture is  best  for  island-grown  seed  potatoes.  (Jones.  Sumida) 

Seed  Treatment.  Dormant  Bliss  Triumph  seed  potatoes  have  been 
treated  with  ethylene  chlorohydrin  as  a  possible  method  of  breaking 
dormanc}'  of  newly  harvested  potatoes  brought  to  the  islands  for 
October  and  early  November  planting.  Excellent  results  in  breaking 
dormancy  have  been  secured  with  licjuid  ethylene  chlorohydrin  at  the 
rate  of  0.8  cc.  per  kilogram  of  potatoes.  The  tubers  were  placed  in  an 
enclosed  container  with  the  fluid  for  2  or  3  days  at  approximately  27° 
C,  then  stored  for  13  days  before  planting.   Ethylene  chlorohydrin 
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increased  tlie  nunil)er  of  stems  ])er  hill,  and  increased  yields  were  due 
to  larger  nnniliers  of  tu])ers  rather  than  larger  size  of  tuhers. 
f  M icJicucr  > 

M  acadamia 

i'hlorosis.  In  several  localities  on  the  island  of  ( )ahu,  the  vigor  of 
the  macadamia  is  seriously  afTected  by  a  chlorosis.  At  Nutridge  many 
trees  of  bearing  age  have  died.  At  Poamoho,  Kailua,  Waipahu,  and 
I'ensacola  the  disease  has  attacked  nursery  stocks  and  young  trans- 
])lanted  trees.  In  other  commercial  orchards  and  nurseries  the  chloro- 
sis has  not  a])i)eared. 

.\t  Xutridge.  chlorosis  occurs  in  a  rather  clearly  defined  area,  sug- 
gesting that  a  soil  factor  is  involved.  However,  green  trees  do  occur 
adjacent  to  diseased  trees  in  the  chlorotic  area.  Chemical  analyses  of 
the  soils  of  chlorotic  areas  revealed  higher  ])H's  and  greater  (juanti- 
ties  of  i)hos])horus.  calcium.  ])otassium,  and  magnesium  than  were 
found  in  green  areas. 

Leaves  from  green  trees  were  consideral)ly  higher  in  manganese, 
calcium,  reducing  and  non-reducing  sugars,  and  slightly  higher  in  dry 
matter,  iron,  and  acid-hydrolyzable  materials  than  were  leaves  of 
chlorotic  trees.  Conversely  leaves  of  chlorotic  trees  were  considerablv 
higher  in  ammonia,  amid  and  amino  nitrogen,  and  slightly  higher  in 
magnesium,  |)hos])horus.  and  ])otassium. 

Seeds  from  75  accessions  in  the  Xutridge  orchard  were  planted  at 
Kailua,  Oahu,  and  in  sand  cultures  at  the  Pensacola  station.  Obser- 
vations so  far  have  shown  that  (  1  )  the  progenies  of  green  trees  in 
chlorotic  areas  react  more  like  the  progenies  of  chlorotic  trees  than 
like  the  jirogenies  from  green  trees  in  nonchlorotic  areas;  (2)  the 
initial  growth  of  seedlings  from  certain  accessions  was  largely 
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chlorotic  but  subsequent  growth  was  green;  (3)  initial  growth  of 
seedlings  from  other  accessions  was  green  while  later  growth  was 
chlorotic ;  (4)  two  accessions  produced  green  seedlings  in  such  num- 
bers as  to  appear  resistant  to  chlorosis  ;  and  (5)  normal  green  seedlings 
appeared  in  every  progeny. 

Estimation  of  chemical  constituents  (potassium,  calcium,  magne- 
sium, phosphorus,  iron,  and  manganese)  of  seeds  from  22  macadamia 
accessions  showed  that  onh'  the  iron  content  was  significantly  asso- 
ciated with  chlorosis  of  the  seedlings.  (Guest) 

V aricty  Tests.  Twenty-five  clonal  varieties  of  macadamia  were 
set  out  during  the  year  in  four  different  areas  on  Kauai.  Insofar  as 
was  practicable,  the  plantings  were  patterned  after  similar  tests  estab- 
lished in  1938  and  1939. 

About  80  varieties  are  now  planted  in  orchard  form,  each  variety 
occurring  in  at  least  two  locations.  All  of  the  plantings  are  growing 
satisfactorily  with  the  exception  of  one  at  Poamoho  farm,  where  many 
of  the  trees  have  become  chlorotic.  ( Guest) 

Culture.  Tests  to  study  the  influence  of  rough-shell  and  smooth- 
shell  rootstocks  upon  growth  of  rough-shell  and  smooth-shell  varie- 
ties were  established  at  Waipahu  and  at  Poamoho  farm.  Replicated 
plantings  include  three  selections  of  each  type  grafted  on  each  of  the 
two  rootstocks. 

The  central-leader  system  of  training  young  macadamia  trees  is 
being  tested.  The  objective  is  to  prevent  formation  of  more  than  one 
scaffold  branch  at  any  point  on  the  central  leader,  thus  reducing  limb 
breakage  when  the  tree  becomes  large.  Figure  1 1  illustrates  this 
method  of  pruning,  which  is  being  practiced  in  all  of  the  varietal  and 
cultural  plantings  on  Hawaii,  Maui,  Oahu,  and  Kauai.  { Guest,  Minn) 

Nursery  Propagation.  In  grafting  macadamias,  it  was  found  that 
the  percentage  of  "takes"  from  certain  trees  was  low  even  though  the 
scions  were  selected  from  branches  which  had  been  ringed  to  force 
carbohydrate  storage.  A  preliminary  investigation  of  the  possible 
cause  of  this  erratic  behavior  was  made.  Branches  were  ringed  on  20 
mature  trees  in  a  commercial  orchard.  After  5  weeks  little  or  no 
starch  (as  indicated  1)y  the  iodine  test)  had  accumulated  in  scions 
from  5  trees,  only  a  moderate  amount  in  scions  from  9  trees,  and 
starch  was  abundant  in  scions  from  only  6  trees.  Unringed  branches 
on  both  the  low-  and  high-starch  trees  had  little  or  no  starch.  The 
percentage  of  "takes"  was  in  approximate  proportion  to  the  relative 


Fit/inr   12. — Macadamui  tniils  roll f tied  from  (jrounJ  undrr  tne,  illiistititint/ 
different  stai/es  of  maturity  at  ivliitli  dropftinej  ocmrs. 

aniounl  of  starch  in  tlu-  scions.  'I'hcsc  results  rccniphasizc  the  ini])or- 
tance  of  carbohych^ate  storage  in  scions  and  suggest  that  mature  seed- 
hng  niacadamia  trees  will  vary  in  the  rate  at  which  carl)ohydrate 
materials  accumulate  after  ringing.  (Guest,  Minn) 

PoUimition.  One  of  the  outstanding  characteristics  of  M acadaiiiia 
trniifolia.  and  of  all  the  Protcaccae,  is  the  small  i)ercentage  of  flowers 
which  set  fruit.  The  number  of  flowers  on  a  raceme  varies  from  200 
to  300,  while  the  ntimber  of  mature  fruits  i)er  inflorescence  is  usually 
only  2  or  3  and  a  large  number  of  racemes  will  set  no  fruit  whatever. 
Some  trees  are  more  fertile  than  others,  however. 

Almost  itnmediately  after  anthesis  there  is  a  severe  drop  of  flowers 
which  removes  50  ])ercent  or  more  of  the  total.  During  the  next  few 
weeks,  large  numbers  of  pistils  which  have  undergone  only  slight 
development  will  fall.  Later,  pistils  which  reach  the  size  of  one-eighth 
to  three-eighths  inch  in  diameter  and  3  months  of  age  ma\-  fall  (see 
tig.  12)  .  The  few  fruits  that  remain  will  usually  mature. 

Inherent  fertility  is  often  indicated  by  the  condition  of  the  pollen. 
In  macadaniia  the  percentage  of  poor  or  aborted  i)ollen  on  certain  trees 
is  greater  than  on  others  but  is  never  high.  This  factor  can  be  of  little 
importance  in  controlling  fruit  setting. 

Cross  pollination  is  effected  by  insects,  ])rincipally  bees,  which 
visit  the  flowers  at  the  time  when  nectar  is  produced  in  large  quanti- 
ties.   Upon  opening  of  the  flower  the  perianth  segments  with  the 
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adnate  anthers  roll  back  and  release  the  club-shaped  style  on  the  tip  of 
which  has  been  dej^osited  the  pollen  from  the  4  anthers.  The  stigma 
is  not  receptive  at  the  time  and  this  protandrous  condition  suggests 
that  cross  pollination  is  desirable  if  not  essential  for  fertilization.  The 
pollen,  which  is  in  clustered  masses  on  the  style,  is  carried  or  scat- 
tered by  insects  in  their  search  for  nectar.  All  flowers  on  a  raceme  do 
not  open  at  once  so  that  the  inflorescence  may  be  visited  by  insects 
several  times  on  2  or  3  succeeding  days.  Climatic  conditions  during 
the  period  of  anthesis  undoubtedly  aftect  pollination. 

The  stigma  of  the  pistil  is  very  small  and  consists  of  papillate- 
secreting  cells  lining  the  one-sided  orifice  in  the  tip  of  the  style.  These 
cells  spread  open  slightly,  after  anthesis.  The  pollen  grains  become 
lodged  between  them  and  germinate.  Because  of  the  smallness  of  the 
stigmatic  surface  the  pollen  must  be  deposited  in  a  ver}'  exact  manner 
if  it  is  to  function.  Failure  of  the  pollinators  to  do  this  is  undoubtedly 
a  limiting  factor  in  fruit  set. 

Whether  or  not  self-  or  cross-incompatibility  exists  among  maca- 
damia  trees  is  also  under  investigation.  Selfing  different  individuals 
has  shown  that  some  trees  are  completely  self -incompatible  and  others 
are  partially  so.  Crosses  between  different  trees  were  not  extensive  or 
conclusive  enough  to  establish  definite  cross-relationships,  but  the 
indications  are  that  cross-incompatibilit}'  does  exist  between  some 
individuals.  (Hartung) 

Oil  Characteristics.  Data  on  the  accumulation  of  oil  in  the  maca- 
damia  embryo  during  growth  and  ripening  have  been  published,  and 
studies  of  the  changes  in  oil  characteristics  are  in  progress.  The  phys- 
ical properties  of  oil  from  mature  nuts  are :  acid  value,  0.23  ;  saponifi- 
cation value,  196.8;  soluble  acids,  0.015;  iodine  number,  75.6; 
insoluble  acids,  88.5;  and  unsaponifiable  matter,  0.31.  Some  of  the 
properties  of  oil  from  very  young  nuts  are :  acid  value,  108 ;  saponifi- 
cation value,  422;  and  iodine  number,  17.38. 

These  values  indicate  that  a  large  drop  in  free  fatty  acids,  an 
increase  in  the  length  of  the  fatty  acid  chain,  and  an  increase  in  degree 
of  insaturation  occur  during  the  development  of  the  embryo.  (Jones) 

Genetics  of  Sex  Detcniiinaiion  in  Papaya 

Studies  on  the  genetics  of  sex  inheritance  in  papaya  begun  in  1936 
and  first  reported  in  the  1938  annual  report  have  recently  been  brought 
to  completion. 
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In  bulletin  No.  32,  issued  by  this  station  in  1914,  J.  E.  Hif^'.^ins 
and  \'.  v^.  Holt  descril)ed  13  sex  forms  in  ])a])aya.  The  authors  failed 
to  recognize,  ho\ve\er.  that  a  given  male  or  berniapbrodite  tree  might 
appear  as  a  particular  form  at  one  season  and  as  a  different  form  at  a 
later  season.  From  continuous  observations  o\er  a  ])eriod  of  several 
years  it  is  now  jiossible  to  combine  various  se.x  forms  into  classes  of 
genetic  sex  types.  The  designations  of  the  four  classes  now  recog- 
nized and  the  sex  forms,  described  by  Higgins  and  Holt,  which  each 
class  combines  are  given  below. 

Type  I       — female  or  pistillate — Form  1. 

Type  I\'    — fully-fertile  hermaphrodite — Forms  7,  8,  9,  11,  12. 

Type   summer-sterile  hermaphrodite — Forms  4,  5. 

Type  V     — male  or  staminate — Forms  2,  3,  6,  10.  13. 

The  sex  type  corresponds  es.sentially  to  the  designation  previously 
given  to  the  flower  type^  predominating  upon  the  trees  during  the 
late  summer  and  fall  months.  There  is  no  type  II  or  type  III  class 
because  no  tree  bears  predominantly  type  II  or  type  III  flowers  dur- 
ing the  greater  part  of  the  year.  Insofar  as  is  now  known,  the  type 
111  flower  is  an  expression  of  inde])endent  genetic  factors  for  pi.stil- 
loid\-  sujjerimposed  upon  type  II  or  type  IV  flowers.  The  tyj^e  IV-f- 
flovver,  not  i)reviously  described,  ai)pears  to  be  a  type  IV  in  which  a 
functional  pistil  fails  to  develop. 

Genetic  studies  have  shown  that  each  sex  type  remains  an  entity 
in  inheritance.  The  sex  expression  of  each  is  probably  determined  by 
complexes  of  closely  associated  genetic  factors  which  are  always 
carried  together  from  generation  to  generation.  These  complexes, 
therefore,  are  inherited  as  if  they  were  simple  Mendelian  units.  The 
Mendelian  ratios  are  modified,  however,  because  of  the  nonviability  of 
one-fourth  of  the  seeds  in  fruits  taken  from  hcrmaiiln'odiU'  and  male 
trees. 

W  hile  each  sex  complex  gives  rise  to  a  s])ecific  genetic  sex  type, 
each  sex  tyjie  is  subject  to  modification  within  fairly  well  defined 
limits  as  a  reflection  of  physiological  influences.  Thus,  many  of  the 
sex  forms  of  Higgins  and  Holt  are  actually  only  variant  sea.sonal 
expressions  of  the  sex  type.  (Storey) 

1  Storey,  \V.  B.  Proc.  Amcr.  Soc.  Ilort.  Sci.  35:  83-85.  1938. 


Mango  J\iricfy  7\\ds 

Eighteen  varieties  of  mango  were  set  out  in  a  test  planting  at 
Poamoho  farm.  The  trees  were  planted  on  the  contour  according  to 
a  plan  worked  out  in  cooperation  with  the  Soil  Conservation  Service 
of  the  United  States  Department  of  Agriculture.  The  varieties  were : 
three  trees  of  Cowasjee-Patel,  two  of  No.  9,  two  of  Whitney,  three 
of  Victoria,  three  of  Bishop,  three  of  Alplionse,  three  of  Ameeri, 
three  of  Bombay  Yellow,  three  of  Wooten,  two  of  Paris,  three  of 
Mulgoba,  three  of  Fairchild,  three  of  Itarmarca,  two  of  Julie,  two  of 
Lott's,  two  of  Saigon,  seventeen  of  Pirie,  and  seventeen  of  Haden. 
The  Pirie  and  Haden  are  planted  in  such  a  manner  that  they  can  be 
used  in  a  cultural  test. 

Through  collaboration  with  Mr.  David  T.  Fleming,  of  Lahaina, 
]\Iaui.  much  valuable  information  is  being  obtained  on  the  relative 
commercial  importance  of  mango  varieties  as  well  as  on  growth  and 
fruiting  habits.  The  young  orchard  shown  in  figure  13  is  being  used 
for  breeding  and  girdling  experiments.  (Fleming,  Guest) 

Vapor-Hcat  Trcatuicnt  of  Fruits  and  J^cgctahlcs 

Effect  of  Relative  Humidity  on  Respiration  of  Papayas.  It  was 
reported  last  year  that  papayas  may  be  severely  injured  when  sub- 
jected to  a  temperature  of  110°  F.  and  a  relative  humidity  of  100 
percent  for  16  hours  or  longer,  while  at  a  relative  humidity  of  60 
percent,  no  injury  was  visible.  During  the  past  year  the  respiration  of 
the  papaya  during  heat  treatment  has  been  studied  in  an  effort  to 
explain  this  phenomenon. 

It  was  found  that  carbon-dioxide  production  of  papayas  held  at 
100-percent  relative  humidity  reached  a  higher  peak  at  a  later  time 
during  treatment  than  did  papayas  held  at  60  percent,  and  the  rate  of 
carbon-dioxide  production  then  fell  away  more  rapidly.  This  differen- 
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tial  behavior  is  a])parently  a  result  of  injury  caused  by  the  higher 
humidity,  although  the  fundamental  factors  are  not  clear.  The  lower 
water  content  of  fruits  treated  at  low  humidity,  with  a  conse((uent 
increase  in  rate  of  transpiration,  undoubtedly  plays  a  ])art.  (Jours) 

C'atahisc  .  Icti'c'ity  iu  Paf'ayas.  Catalase  activity,  like  carbon-dioxide 
production,  is  an  index  to  maturity  of  the  fruit  and  to  injury  occurring 
during  the  \ai)or-heat  treatment.  When  normal,  untreated  ])a]iayas 
were  tested,  the  catala.se  activity  for  mature-green  fruits,  as  indicated 
by  cubic  centimeters  of  oxygen  jiroduced  in  5  minutes,  was  found  to 
average  23.4;  for  rtrm-ri])e  fruits.  18.5  :  and  for  ri])e  fruits,  15.7. 

The  effect  of  the  va])or-heat  treatment  on  catalase  activity  was 
determined  when  the  air  was  fully  saturatetl  and  when  the  relative 
humidity  was  held  at  60  jiercent  during  the  first  8  hours,  or  apjiroach 
l)eriod.  The  fruits  were  held  at  room  temi)eratin'e  for  ,^2  hours  after 
comi)letion  of  the  treatment. 


/^poe  H£Ar  mEATMENr   Ffiu/r  held     /eaoM  T£MP£jz4ri/ZE 


Figure  14. — Catalase  activity  of  papaya  fruits  treated  -ii-it/i  vapor  heat,  slioii.inff 
effect  of  toivcred  relative  humidity  during  approach  period  ivhen  fruits  are  being 
hroug/it  III  the  specified  treatment  temperature. 
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Figure  14  illustrates  how  much  more  rapidly  catalase  activity 
declined  in  treated  fruits  than  in  check  fruits.  Moreover,  the  decline 
was  more  rapid  when  the  air  was  fully  saturated  throughout  treat- 
ment. (Ikcda,  Jones) 

Treatment  of  Other  Fruits  ami  J'egetables.  Investigations  on  the 
vapor-heat  treatment  of  eggplant,  litchi,  Chinese  peas,  green  snap 
beans,  yellow  wax  beans,  lima  beans,  cucumbers,  tomatoes,  and  bell 
peppers  were  also  conducted  during  the  year  and  have  been  reported 
in  station  circular  No.  16.  (  Jones) 

MctJiyl-Broinidc  Piiiiiigafion 

Methyl-bromide  fumigation,  when  approved  by  the  U.  S.  Bureau 
of  Entomology  and  Plant  Quarantine, ^  will  offer  a  third  method 
whereby  fruits  and  vegetables  may  be  treated  for  export.  Investiga- 
tions on  the  effect  of  this  treatment  on  papayas  have  been  in  progress. 
The  papaya  is  not  completely  tolerant  to  methyl  bromide  at  the  spec- 
ified concentration.  This  is  indicated  by  a  decreased  rate  of  ripening, 
decreased  catalase  activity,  and  decreased  resistance  to  decay  organ- 
isms (see  fig.  15).  (Jones) 

Colchicine  Experiments 

Cuttings  of  Calotropis  gigantca  and  Jasuiinuui  sanibac  and  seeds 
of  Psidiiim  cattleianum,  Dracaena  sp.,  and  Hibiscus  sp.  were  treated 

1  Approved  as  of  August  1,  1940,  for  guava,  papaya,  bell  pepper,  bitter  melon,  cucumber, 
summer  squash,  string  bean  and  tomato.  Prescribed  treatment:  2  pounds  of  methyl  bromide 
per  1,000  cubic  feet  for  3J4  hours,  at  a  temperature  of  not  under  80°  F. 


Figure  ij. — Effect  on  papaya  of  Colleto- 
trichum  gloeos porioides,  the  chief  decay 
organism    attacking  methyl-bromide 
treated  fruits. 
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with  colchicine  without  iiKkicint^-  the  development  of  polyploid  tissue. 
Initial  stunting-  and  abortion  of  the  first  new  leaves  were  later  out- 
grown. Seeds  and  seedlings  of  Carica  papaya  were  treated  with  col- 
chicine and  indole-acetic  acid.  The  drugs  were  applied  to  decapitated 
stems  from  which  axillary  ])uds  were  also  removed.  All  the  jilants, 
including  the  decapitated  and  dishnddcd  checks,  died  hack  to  the  first 
node,  at  which  ])oint  a  callus  was  formed  and  normal  growth  was 
renewed.  Cotyledons  and  hypocotyls  of  seeds  soaked  in  colchicine 
solutions  were  thickened  and  growth  was  checked  teniporarilx-.  hut  the 
effects  were  eventually  overcome. 

The  dwarf  polyploid  papaya  plant  which  resulted  from  an  experi- 
ment reported  last  }ear  maintained  its  polyploid  characteristics.  The 
few  female  flower  buds  produced  dropped  before  reaching  anthesis. 
Attempts  are  being  made  to  propagate  this  tree  by  cuttings  and  a 
graft,  (llartungi 

Fhuit  I iitrodiictioiis 

Table  12  lists  the  seed  and  plant  introductions  made  during  the 
year. 

Table  12. — Seed  and  plant  introductions  made  during 
the  year  ending  June  30,  1940 


Scientific  name 

Number  of 
varieties 

Source 

Type  of 
material 

Bouea  burmanica   

1 

Saijjon  (through  D.  T.  Fleming) 

Seed 

Carica  papaya  

1 

Board  of  Agriculture  &  Forestry 

( through  F.  Tong ) 

Seedlings 

do 

4 

Maui,  Florida,  and  Java 

Seed 

Cinchona  succirubra- 

1 

Hamakua,  Hawaii 

do 

Citrus  sp  

1 

(Through  Paul  Guest) 

Scions 

Cola  acuminata   

1 

Summit,  Canal  Zone 

Seed 

Carcinia  mangostana.. 

1 

(Through  D.  T.  Fleming) 

do 

Lansiuni  domesticum.. 

1 

Java  (through  D.  T.  Fleming 

do 

Litchi  chinensis  

2 

(Through  B.  D.  Pratt) 

Airlayers 

Mangifcra  indica  

4 

Manila,  P.  I. 

Scions 

Nephelium  kopoesalan 

1 

do 

do 

rambutam   

2 

do 

do 

Physalis  ixocarpa 

1 

New  South  Wales,  Australia 

Seed 

Nutrition 


Analyses  and  Vitaiiiin  Assays  of  Macadamia  Nuts 

Samples  of  commercially  processed  and  of  dried  but  uncooked 
macadamia  nuts  were  secured  for  chemical  analyses  and  vitamin 
assays.  The  average  composition  of  two  lots  of  unsalted  roasted  nuts 
was  found  to  be  (in  percentages):  Moisture,  1.3;  protein,  9.3;  fat, 
78.2;  crude  fiber,  1.8;  carbohydrate,  8.0;  total  ash,  1.39;  calcium, 

0.  053 ;  phosphorus,  0.240 ;  and  iron,  0.0020.  One  hundred  grams  of 
nuts  yield  773  calories,  or  100  calories  for  13  grams  (6  to  7  nuts). 

Biological  tests  did  not  reveal  the  presence  of  vitamin  A  in  inaca- 
damia  nuts.  Peanuts  and  some  other  nuts  are  reported  to  contain  little 
or  none  of  this  vitamin.  Uncooked  macadamia  nuts  were  found  to 
contain  486  micrograms  of  thiamin  (162  I.U.  vitamin  Bj)  per  100 
grams.  Roasting  (cooking  in  refined  coconut  oil  at  275°  F.  for  12  to 
15  minutes)  destroyed  about  16  percent  of  the  vitamin  B^.  However, 
the  roasted  macadamias  contained  408  micrograms  of  thiamin  (136 

1.  U.  vitamin  B^)  per  100  grams,  a  value  higher  than  that  reported  for 
roasted  peanuts  which  are  considered  an  excellent  source  of  vitamin 
Bj.  (Miller,  Louis) 

Jltaiiiiii  B  Content  of  Yeast  Groivn  on  Molasses 

The  yeast  prepared  experimentally  by  the  Hawaiian  Sugar  Plant- 
ers' Association  experiment  station  has  been  tested  biologically  for 
vitamin  B^.  The  dried  product  was  found  to  contain  5,280  micro- 
grams of  thiamin  (1,760  I.  U.  vitamin  Bj)  per  100  grams.  This  value 
exceeds  those  reported  for  dried  baker's  yeast  and  some  brewers' 
yeasts,  and  compares  favorably  with  those  of  many  samples  of 
brewers'  yeasts  high  in  vitamin  B.  (Miller,  Kiiniira) 

Vitamin  Assays  of  Filipino  Vegetables 

A  number  of  vegetables  used  chiefly  by  the  Filipinos  in  Hawaii 
luit  also  by  other  racial  groups  have  been  assayed  for  vitamins  A  and 
Bj  (thiamin)  by  biological  methods,  and  for  vitamin  C  (ascorbic 
acid)  by  the  chemical  method. 

Values  for  vitamins  A  and  Bj  were  determined  on  vegetables  that 
had  been  steamed  for  10  to  15  minutes  (20  minutes  for  squash  and 
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bitter  melon).  X'itamin  C  values  were  determined  before  and  after 
steamintj.  The  results  are  reported  in  table  13. 


Tabic  13. — X'itaniin  values  of  Filipino  foods  (per  100  grams) 


Ascorbic  acid 

Common  name 

Filipino 

Vitamin  A 

Thiamin' 

Raw 

Steamed 

vegetables 

vegetables 

I.U. 

Micrograms 

Milligrams 

Milligrams 

Bitter  melon 

Ampalaya 

Kruit 

166 

40 

Tender  le<ifv  tips 

20,80() 

112 

88 

20 

Sitao 

4,000 

150 

20 

14 

llano- 

700 

174 

yj.i)  or  less 

0 

Horser3,ciish  tree 

TV/Taliintrov 

Leaves  and 

tender  tips 

35,000 

227 

134 

36 

Pods 

172 

126 

Hyacinth  bean 

Parda 

560 

118 

13 

7 

Jute 

Saluyot 

6,200 

73 

36 

1 

Malabar  niglitshade 

I.ibato 

13,000 

115 

166 

86 

Pigeonpea 

(green  shelled) 

Kardis 

1.700 

486 

33 

49 

Purslane 

Ngalug 

3,500 

42 

21 

12 

Squash.  yellow- 

Calabaza 

Fruit 

33,750 

140 

Flowers 

1,700 

Tender  leafy  tips 

2,700 

162 

Swamp  cabbage 

Kangkong 

10,600 

80 

Sweetpotato  tops 

Camote 

8,500 

176 

11 

> 

Tomato 

Camatis 

30 

Three  micrograms  of  thiamin  equal  1  international  unit  of  vitamin  Bi. 


The  vegetables  containing;  unusually  large  quantities  of  vitamin 
A  are  the  leafy  ti]is  of  the  bitter  melon  and  the  horseradish  tree  (see 
hg-.  16)  and  the  fruit  of  yellow  squash. 

The  green  pigeonpea  is  outstanding  for  high  proportions  of  thiamin 
and  ascorbic  acid,  and  because  it  was  the  only  vegetable  of  the  group 
to  show  an  increase  in  ascorbic  acid  after  steaming.  vSuch  increases, 
as  a  result  of  reduction  of  dehydroascorbic  acid,  have  been  reported 
by  others  for  a  few  vegetables.  The  pigeonpea,  commonly  used  as  a 
stock  feed  in  Hawaii,  may  be  considered  a  valuable  emergency  food 
for  humans.  In  addition  to  containing  vitamins,  it  is  relatively  hiii;h  in 
protein  (7.4'"v  )  aiifl  is  a  good  source  of  minerals. 


Fiijure  lb. — Leaves,  //lossoms,  and  pods  of  the  horseradish  tree,  shoicn  to  have  a 
high  nutritive  value.    The  tree  is  groiving  in  Filipino  gardens  throughout  the 

Territory. 

Large  quantities  of  vitamin  C  were  found  in  horseradish-tree  pods 
and  in  Malal:)ar  nightshade. 

A  fish  called  monamon  or  dilis,  which  is  eaten  by  the  Filipinos  in 
dried  form  or  as  a  salted,  fermented  sauce,  was  found  to  contain  little 
or  no  vitamin  A  or  B^. 

Chemical  analyses  were  made  during  the  year  on  squash,  hyacinth 
bean,  cow]:)ea,  and  tomato.  A  bulletin  summarizing  all  of  the  vitamin 
assays  and  chemical  analyses  of  Filipino  foods  is  in  preparation. 
(Miller.  Louis.  ]^aiiaaaiua) 

Analyses  and  Vitamin  x4ssays  of 
H aivaiian-Grozvn  Nezv  Potatoes 

In  order  to  compare  the  nutritive  value  of  locally-grown  potatoes 
with  values  reported  in  the  literature  for  potatoes  grown  on  the  main- 
land, analyses  were  made  of  samples  from  several  localities  on  Oahu 
and  of  one  sample  of  new  potatoes  from  California.  The  results  are 
summarized  in  table  14. 

Preliminary  experiments  have  shown  cooked  (boiled  in  the  skin) 
Hawaiian-grown  potatoes  to  contain  33  international  units  of  vitamin 

per  100  grams.  This  value  is  considered  high  for  potatoes. 


Table  14. — Composition  of  Hawaiian-grown  potatoes 


Sample 

Water 

protein 

Total 
Ash 

Calcium 

Phosphorus 

Total 
iron 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

No.  1   

79.5 

2.0 

0.90 

0.0048 

0.038 

0.00033 

No.  2   

80.0 

2.0 

.88 

.0032 

.039 

.00035 

No.  3,  small  

81.1 

2.2 

.89 

.0055 

.045 

.00028 

No.  4,  large  

80.8 

2.1 

.90 

.0052 

.043 

.00027 

California   

80.1 

1.6 

.80 

.0053 

.052 

.00033 

Chemical  tests  of  the  vitamin  C  content  also  give  unusually  high 
\alues.  The  locally-grown  potatoes  contained,  per  100  grams,  the 
following  quantities  of  a.scorhic  acid :  Raw,  27  mg. ;  boiled  in  the  skin, 
22  mg. :  baked,  29  mg.  (calculated  to  fresh  weight,  22  mg.).  The 
single  sample  of  raw  California  new  jiotatoes  was  fdund  to  contain 
13  mg.  of  ascorbic  acid  i)er  100  grams.  I  Miller,  Louis.  Kiimira) 

/■ami! \'-/j'r///^i^'  Sfiulic.s- 

In  continuation  of  the  studies  of  values  of  family  living  discussed 
in  the  annual  reports  for  1938  and  1939,  records  were  kept  during  the 
])ast  year,  on  food  consumption  of  36  families — 1  Caucasian  and  7 
Ilawaiian  families  at  Lualualei,  Oahu.  and  28  Japanese  families  at 
Kona,  Hawaii.  As  with  families  previously  reported,  the  diets  were 
found  to  be  adequate  in  calories,  phosi^horus,  and  iron,  high  in  protein, 
and  low  in  calcium  and  \  itamins,  especially  vitamin  Bj. 

l{xamination  of  150  children  in  the  36  families  indicated  that  100 
percent  of  the  children  of  school  age  and  67  jiercent  of  the  children 
of  preschool  age  had  dental  defects.  The  Hawaiian  children  showed 
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somewhat  more  resistance  to  tooth  deca}'  than  the  Japanese  children. 
Correlations  of  dental  defects,  size,  and  nutritional  status  with  ade- 
quacy of  family  diets  will  be  calculated  (see  fig.  17). 

The  study  of  family  food  habits  has  been  extended,  in  cooperation 
with  the  Territorial  social  security  bureau,  to  families  on  relief  in 
Honolulu.  ( Potgictcr,  Kiiuura) 

Mccliaiiical  Tests  of  Jlfaiiiiii-A  Deficiencies 

An  instrument  for  testing  night-blindness  ( nyctalopiometer ) 
was  constructed  last  year  to  determine  slight  shortages  of  vitamin  A 
in  the  bod\'.  After  A^arious  modifications  of  the  method,  43  tests  were 
made  on  14  normal  adults.  The  average  recovery  time  of  normal  eyes, 
after  a  5-minute  exposure  to  light,  was  1  minute,  39  seconds,  with  a 
range  from  32  seconds  to  4  minutes,  47  seconds.  No  subjects  with 
abnormal  recovery  time  ( indicating  a  deficienc}"  of  vitamin  A )  have 
been  found  as  yet. 

It  is  hoped  that  the  instrument  may  l)e  developed  for  use  in 
rural  schools,  to  test  children  for  slight  deficiencies  of  vitamin  A. 
{ Potgieter) 


Parasitology 


Liver  I'liikc  of  Cattle 

Dnttj  'frcatiiiciit  oi  I'liiky  Cattle.  Previous  reports  have  shown 
that  Distol  is  a  safe  and  satisfactory  <h"ug  for  treating  fluky  cattle,  hut 
it  is  relatively  ex])ensive  and  ohtainahle  only  from  Hungary.  Kaniala 
was  also  efl'ective  in  destroying  flukes,  hut  treated  animals  often 
develoi)ed  exhaustive  diarrhea.  Hexachloroethane  in  high  concentra- 
tion tended  to  induce  colic. 

During  the  past  year  it  has  heen  found  that  a  comhination  of  hexa- 
chloroethane and  kamala  extract  is  well  tolerated  hy  cattle  and  highl\- 
ettective  (see  fig.  18).  The  drug  was  administered  in  capsules,  each 
containing  10  grams  of  hexachloroethane  plus  1.75  grams  of  kamala 
extract,  at  the  rate  of  1  ca]:isule  to  70  pounds  of  body  weight.  The 
total  numher  of  animals  treated  was  29;  of  these,  26  received  half  the 
dosage  on  2  successive  days.  Three  animals  in  very  poor  condition 
were  treated  over  3  days. 

With  18  animals,  where  the  fluke-egg  counts  before  treatment  were 
less  than  per  gram  of  feces,  the  drug  reduced  the  egg  count  to  zero. 
W  ith  the  remaining  11  animals,  where  the  egg  counts  ranged  from  45 
to  over  300,  the  drug  reduced  the  egg  counts  from  88  to  100  jiercent. 
Two  animals,  in  poor  condition,  were  dull  and  weak  following  the 

2-  day  treatment.   It  would  appear  wi.se  to  treat  such  animals  over  a 

3-  day  period,  especially  since  the  drug  is  apparentl\'  no  less  etTective. 

Estiiiiatioii  of  Fluke  Infection  by  Egg  Counts.  A  method  of  esti- 
mating the  number  of  flukes  by  determining  the  number  of  fluke  eggs 
per  gram  of  feces  from  a  fluky  cow  has  heen  developed  over  several 
}ears.  and  is  described  in  detail  in  a  ])aper  to  be  published  by  the 
.liiierieaii  Journal  of  ]' eterinary  Re.^eareli.'^  The  method  is  of  value 
since  reduction  in  numher  of  flukes  can  be  determined,  without 
destroying  the  animal  so  as  to  count  the  flukes  in  the  liver. 

As  ojiportunities  have  arisen  to  make  egg  counts  of  fluky  animals 
just  ])rior  to  slaughter,  data  have  been  accumulated  on  the  relationship 
between  number  of  eggs  i)er  gram  of  feces  and  numlier  of  adult  flukes 
in  the  livers. 

^  Alic.ita,  Joseph  K.  Studies  on  Control  of  the  Lii'cr  Fluke  of  Cattle  in  the  Hawaiian 
Islands. 


Figure  l8. — Left,  livo  fhiky  coivs  just  prior  to  treatment  ivitli  compound  of 
hexachloro ethane  and  kamala  extract;  rit/lit,  same  tivo  cotvs,  4.  months  later. 

The  first  consideration  in  the  study  was  to  determine  the  accuracy 
of  sampHng.  Sam]3les  of  feces  were  collected  from  each  of  10  fluky 
cows  on  10  successive  days.  The  mean  egg  counts,  standard  devia- 
tions, and  coeflficients  of  variation  are  shown  in  table  15. 


Tabic  15. — Accuracy  of  sampling  of  feces  of  fluky  cattle 
over  10  successive  days 


Mean  egg  count 

per  gram 

Standard 

Coefficient 

of  feces 

deviation 

of  variation 

5.35 

1.50 

28 

5.46 

1.32 

24 

5.88 

1.63 

28 

7.00 

1.40 

20 

7.21 

1.46 

20 

8.27 

1.69 

20 

15.60 

1.66 

11 

47.13 

12.53 

27 

49.00 

12.50 

25 

52.56 

13.97 

27 

That  significant  differences  occurred  between  animals  in  numbers 
of  eggs  passed  each  day  cannot  be  questioned.  Moreover,  with  one 
exception,  the  coefficients  of  variability  are  quite  uniform,  indicating 
^■hat  the  count  from  a  single  sample  from  a  cow  passing  a  large  num- 
ber of  eggs  is  no  more  variable  than  from  a  cow  passing  a  small 
number.  Thus  the  methods  of  sampling  and  of  counting  would  appear 
to  be  satisfactory. 
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I'or  ten  cows  records  were  ke])t  of  ei^.n  counts  (»n  2  snccessixe  <l;i\s 
l)ri()r  to  slaughter  and  nunihers  of  adult  flukes  found  in  the  livers 
after  slaughter.  It  was  found  that  the  number  of  eggs  per  gram  of 
feces  ranged  from  0.47  to  1 .40  for  e\ery  adult  fluke  found  in  the 
liver,  the  mean  being  1.013  ±:  0.108.  The  number  of  eggs  per  gram  of 
feces  is  also  clearly  shown  to  be  related  to  the  nnni])er  of  adult  flukes 
in  the  liver.  Although  the  data  are  limited  the  regression  coefficient 
was  found  to  be  b  =  0.755  ±:  0.062. 

Later  records  on  3f)  additional  animals  ga\  e  a  mean  egg  count  per 
adult  fluke  of  1.021  ±  0.35  when  only  one  count  was  made  for  each 
animal.  This  figure  C()m])ares  favorabl\  with  the  mean  for  the  smaller 
number  of  animals.  The  regression  coefficient  b  =  0.90  ±  0.059  is 
also  highly  significant,  indicating  a  straight  line  relationshi])  between 
eggs  per  gram  of  feces  and  adult  flukes  found  in  the  li\er. 

Biological  Control  of  Snail  Hosts.  The  possibility  of  contnjlling 
liver  flukes  in  the  Territor\-  by  destroying  the  intermediate  snail  host, 
Fossaria  ollula,  has  been  considered.  A  crayfish.  .Istacus  nigrcscens, 
introduced  several  }ears  ago  and  now  common  in  taro  ])atches  on 
windward  Oahu,  was  observed  under  experimental  conditions. 
Although  this  species  proved  to  be  an  effective  predator  on  snails, 
investigation  into  the  habits  of  the  crayfish  showed  that  they  are  other- 
wise a  pest,  burrowing  in  the  banks  of  taro  patches  and  occasionally 
destroying  taro  corms. 

Reports  from  Japan  that  two  species  of  firefly  (Luciola  lateralis 
and  cruciafa)  were  helpful  in  controlling  snail  carriers  of  the 
human  blood  fluke  tm^ned  attention  toward  these  i)redators.  The  larvae 
of  both  species  live  in  standing  water  and  feed  on  fresh-water  snails. 

At  the  suggestion  of  this  station,  adults  and  eggs  of  these  two 
Japanese  fireflies  and  four  other  species  of  Luciola  from  the  Philip- 
])ines  have  been  imported  by  the  Board  of  Agriculture  and  Forestry. 
Xone  of  this  material  has  as  yet  been  released  for  experimental  study, 
however.  (Alicata) 

Potillry  Parasites 

Relation  of  Xiitrition  to  Tapcz^'onn  Infection.  The  annual  re])ort 
for  1938  discussed  experiments  which  showed  that  jirotein  su])ple- 
ments  in  poultry  rations  reduced  ascarid  infection.  Last  \  ear  a  study 
on  nutrition  as  a  factor  in  reducing  infection  by  the  tapeworm 
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(Hynicnulcpis  cxigitaj  was  reported.  The  first  test  indicated  that 
plant-protein  svipplements  (yeast,  sesame  meal,  peanut  meal,  and 
soybean  meal)  were  not  so  effective  in  reducing  tapeworms  as  were 
animal-protein  supplements  (skim  milk  and  fish  meal). 

Three  additional  tests  have  been  conducted  during  the  past  year ; 
results  of  all  four  are  summarized  in  table  16. 


Tabic  16. — Tapeworm  infection  in  chicks  fed  supplemental 
plant  and  animal  proteins 


Average 

Total 

Number 

number  of 

Supplement 

digestible 

Test 

of  birds 

tapeworms 

protein 

per  bird 

a 

25 

14.12 

b 

25 

36.12 

Animal  protein   

16.04 

c 

25 

41.36 

d 

20 

14.00 

95 

27.05 

a 

25 

65,60 

b 

25 

46.24 

Plant  protein   

16.59 

c 

25 

45.44 

d 

20 

25.85 

95 

46.83 

The  birds,  each  of  which  had  been  fed  100  infective  tapeworm 
larvae  at  3  weeks  of  age,  were  killed  at  6  weeks  of  age.  Birds  on  the 
plant-protein  ration  developed  more  tapeworms,  on  the  average,  than 
those  on  the  animal-protein  ration,  but  the  results  of  the  four  tests  are 
not  fully  consistent.  (Alicata) 


Plant  Pathology 


)' cIlow-S [^ot  of  f^iiicaf^l^lc  I'lnis  on  Tomato 

Previous  rci)()rts  have  sliown  that  the  vims  of  yellow  spot  of  pine- 
a]>i)le  and  that  causins^  s])()tte(l  wilt  of  tomato  (see  fisj.  19)  are  iden- 
tical. I^'urther  work  with  this  \-irus  has  eontinued  alont^'  the  f( )lli iwint;' 
lines:  (1)  Determination  of  the  physical  proi)erties  of  the  virus, 
(2)  selection  of  resistant  tomato  varieties,  and  (3)  prevention  of 
infection  hy  cultural  methods. 

The  nature  and  physical  properties  of  a  virus  furnish  information 
as  to  its  virulence  and  viahility.  The  spotted-wilt  virus  is  infective  up 
to  hours  when  held  at  lahoratory  temperatures  in  solution  and  is 
tolerant  to  1  :  100,000  dilution  hut  not  to  1  :  200,000  dilution. 

A  numher  of  tomato  varieties  said  to  l)e  resistant  t(j  this  virus  have 
heen  obtained  from  Australia  and  are  being  tested  in  the  field.  The 
following  seem  to  combine  resistance  and  commercial  desirabilit\  : 
Marglobe  X  l^ed  Currant  X  l>reak  ()T)ay,  I'.arliana  X  Ked  Currant, 
Pilot.  Early  Beauty,  and  Indefatigable. 

Tomatoes  j^lanted  in  one  row,  two  rows,  or  three  rows,  between 
rows  of  full-grown  sorghum  (apjiroximately  7  feet  talli,  were 
attacked  by  the  virus  as  severely  as  tomato  plants  grown  without  sor- 
ghum windbreaks.  The  sorghum  not  only  failed  to  hinder  or  i)revent 
movement  of  windblown  viruliferous  thrips,  but  the  ])resence  of  the 
sorghum  caused  a  high  jjercentage  of  ]ilants  to  become  diseased  with 
aphid-transmitted  viruses.  fParris,  Kikiila) 

i'inis  Piscasc  of  I'a/^aya 

The  virus  disease  of  ])apaya  (see  fig.  20),  re]X)rted  last  year  has 
not  a])peared  in  the  field  during  the  past  year  but  has  been  kept  alive 
in   the  greenhouse  bv   artificial   inoculation,   using  the  previously 


Fujuic  li). — Effrct  of  yello'v:  spot  of 
pineapple  on  tomato  leaj-zonate  hand- 
ing pattern  of  diseased  tissue,  accom- 
panied hy  yelloi:inf;. 


F'lijuie  20.  —  A  ppearancc 
of  papaya  plant  diseased 
ivitli  virus;  note  that  ne-xu 
shoot  arising  from  middle 
of  stem  is  healthy. 


described  mechanical  abrasion  method.  Studies  of  the  ph}'sical  prop- 
erties indicate  that  the  virus  is  tolerant  to  at  least  1  hour  in  solution 
and  a  1  :  20  dilution.  The  disease  has  been  transmitted  from  papaya 
to  papaya  by  inarch  grafting.  (Parris) 

Control  of  AntJiracnosc  of  Papaya 

Anthracnose,  caused  by  CoUctotricJiuni  glocosporioidcs,  is  one  of 
the  most  important  economic  diseases  of  papaya  in  that  it  affects  the 
appearance  and  salability  of  the  fruit.  Results  of  a  test  initiated  in 
November  show  that  this  disease  may  be  controlled  by  spraying  fruits 
at  14-day  intervals  with  4-4-50  bordeaux  mixture,  Cuprocide  54,  or 
Cuprocide  54Y.  Bordeaux-sprayed  fruits,  however,  are  russeted  and 
rendered  unsalable.  The  foliage  is  also  afifected.  On  the  other  hand,  no 
russeting  or  foliage  injury  follows  spraying  with  Cuprocide  54  or 
54Y.  Almost  100  percent  of  the  fruits  on  unsprayed  trees  were  with- 
out market  value  due  to  rotting  by  anthracnose. 

Laboratory  tests  have  also  shown  that  Isordeaux,  Cuprocide  54,  and 
Cuprocide  54Y  are  very  toxic  to  the  spores  of  C.  gloeosporioidcs  while 
Coposil  and  Copper  Hydro  40  are  much  less  so.  With  the  first  three 
fungicides  from  94.5  percent  to  99.7  percent  of  the  spores  failed  to 
germinate,  while  with  the  last  two  less  than  20  percent  failed  to  ger- 
minate. (Kikuta) 

Fruit  and  Stem  Rot  of  Papaya 

Phytoplithora  parasitica  has  been  found  in  a  single  locality,  caus- 
ing appreciable  destruction  of  fruits  and  killing  the  upper  third  of 
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ai)i)roxiniately  50  i)ercent  of  llu'  i)lants  in  a  4-acie  plantiiit;.  Diseased 
fruits  dehisce  prematurely  and  mummify  (see  fig.  21).  Inoculations 
have  shown  that  the  fungus  is  a  virulent  wound  parasite  of  stems  and 
a  weak  wound  parasite  of  roots.   Trees  of  all  ages  are  attacked. 

iParrisj 

Leaf  Sf^iif  PIscasc  of  Xapicr  Crass 

During  the  year  Najjier  or  elejihant  grass  ( Pcuiiiscl uiit  pitrpitrciiin ) 
throughout  the  Territory  was  attacked  hy  a  species  of  Hcliiiiiitlto- 
sporiuiii  which  killed  leaves  and  stems.  Severely  attacked  plantings 
are  rendered  almost  worthless  for  forage.  The  disease  has  heen 
found  frorn  sea  level  up  to  2,500  feet  and  a])parently  is  not  influenced 
to  any  great  degree  hy  variations  in  rainfall. 

Studies  are  in  progress  to  determine  the  resistance  of  Merker 
grass  and  Napier-Merker  crosses  to  the  pathogene.  and  the  possible 
relationship  of  the  Napier  organism  to  that  causing  eye-spot  of  sugar- 
cane (H.  saccliari).  (Parris) 

Early  Blight  of  Potato 

Spray  tests  have  been  contiiuied  during  the  past  year  to  determine 
the  value  of  fungicides  in  the  control  of  early  blight  of  potatoes, 
caused  by  Altcniaria  solaiii.  The  most  effective  time  for  sjiraving  has 
also  been  studied. 

Figure  21. — Left,  papaya  plant  severely  diseased  with  Phytophthora  parasitiea. 
Right,  diseased  fruit,  shoiviug  mildew  (sporangia) ;  ultimately  fruits  shrivel,  turn 
hrmvnis/i-hlack,  and  mummify. 
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S/^ray  test  1.  A  4-4-50  bordeaux  spray  was  first  applied  to  potato 
plots  30,  40,  50,  and  60  days  after  planting,  and  thereafter  in  each  plot 
at  10-day  intervals.  Cuprocide  54  and  Cuprocide  54Y  were  first 
applied  50  days  after  planting  and  thereafter  at  10-day  intervals. 

At  the  end  of  80  days,  the  plots  first  sprayed  with  bordeaux  30  and 
40  days  after  planting  and  with  Cuprocide  54Y  50  days  after  planting 
outyielded  the  check  plot.  At  the  end  of  90  days  the  same  bordeaux 
treatments  and  the  Cuprocide  54  showed  slight  but  significant  increases 
in  yield. 

Spray  test  2.  A  test  was  conducted  to  determine  whether  differ- 
ences in  yield  would  result  when  bordeaux  spray  material  of  different 
ages  was  applied.  Spraying  began  40  days  after  planting. 

There  was  no  significant  difference  in  yield  between  the  unsprayed 
plants  and  plants  sprayed  with  freshly-prepared,  2-day-old,  or  4-day- 
old  bordeaux. 

Spray  test  3.  The  4-4-50  bordeaux  spray,  Cuprocide  54,  and 
Cuprocide  54Y  were  each  first  applied  at  40  days  and  at  50  days  after 
planting. 

The  4-4-50  bordeaux,  applied  first  40  days  after  planting  gave  a 
higher  yield  than  the  check  plot  in  the  80-day  and  the  90-day  harvest. 
The  Cuprocide  54,  first  applied  40  days  after  planting  gave  a  higher 
}'ield  only  in  the  90-day  harvest.  Differences  in  yields  in  the  other 
experimental  plots  were  not  significant. 

Sniiimary  of  Spray  Tests.  Results  in  general  were  disappointing. 
Increases  in  yield  were  so  inconsistent  that  it  is  doubtful  whether 
spraying  potatoes  for  this  disease  repays  the  costs  of  the  material  and 
labor.  This  conclusion  is  drawn  not  only  from  the  tests  this  past  year 
but  from  similar  tests  over  the  preceding  2  years. 

Even  when  early  Ijlight  was  abundant,  unsprayed  checks  yielded 
as  well  or  almost  as  well  as  sprayed  plants,  regardless  of  the  fungicide 
used.  These  unexpected  results  can  only  be  explained  by  assuming 
that:  (a)  The  fungicides,  as  applied,  were  not  effective  in  reducing 
infection;  or  (b)  the  fungicides  reduced  infection  but  exercised  some 
deleterious  effects  on  the  potato  plant. 

It  was  apparent,  however,  that  sprayed  plants  remained  green 
longer  and  were  more  free  from  disease  than  the  unsprayed  plants. 
( Parris,  Kiknta) 
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Potash  I' crtil'izaiit'ii  ami  I rriyation.  'rownsend'  has  i"c])()rte(l  that 
potatoes  siicciniihi'd  to  the  attack  of  .  /.  solaiii  2  weeks  earher  in  plots 
without  jKjtash  than  in  plots  to  which  ])otash  was  ai)])lie(l.  The  cfTect 
on  yield  of  douhling  the  ])otash  increment  in  the  standard  ])otato  fer- 
tilizer (12-30-6)  was  studied.  The  results  ohtained  under  the  condi- 
tions of  our  test  were  entirely  negative  as  there  was  no  measurahle 
difference  between  the  two  treatments  in  susceptil)ility  to  early  blight. 

Observations  were  also  made  on  the  effects  of  soil  moisture  on 
ajjiiarent  resistance  of  pcjtatoes  to  earl_\  bhj^ht. 

Potatoes  which  were  irrigated  when  deemed  necessary  did  not 
receive  adequate  moisture  as  compared  with  plants  irrigated  regularly 
at  weekly  intervals  and  were  less  resistant  to  .  /.  solaiii  as  evidenced  by 
the  fact  that  they  were  killed  2  weeks  earlier.  (Parris,  Kikitta) 

'  Townsend,  G.  R.  Early  bliyht  of  potato.  Florida  Agr.  Expt.  Sta.  Ann.  Rept. 
(1933-34):   86-112.  1935. 


Table  17. — Reductions  in  yields  of  potatoes  by  Heterodera  marioni 


Fungicide 

Severe  galling 

Yield  per 

applied 

Replication 

of  tubers 

100  plants 

Percent 

Pounds 

1 

0 

105 

2 

30 

88 

4-4-50  hordeati.x.  

3 

40 

74 

4 

56 

66 

5 

77 

54 

1 

0 

11)2 

2 

11 

108 

Cuprocide  54  

3 

37 

94 

4- 

64 

81 

5 

71 

59 

1 

0 

113 

2 

34 

86 

Ciiprocide  54Y  

3 

42 

84 

4 

50 

73 

5 

74 

75 

1 

2 

112 

2 

17 

90 

Check  

3 

19 

93 

4 

49 

66 

5 

83 

52 

Figure  22.  —  A  typical 
damping-ojf  control  test 
ivith  the  garden  pea:  Soil 
in  flat  on  left  infested 
luith  Pythium  sp.  plus 
Rhizoctonia  sp.;  flat  in 
middle  infested  ivit/i  Rhi- 
zoctonia; flat  on  right  in- 
fested -Lcith  Pythium.  Seed 
treated  -cvith  Semesan  or 
iL'ith  red  copper  oxide  be- 
fore planting  or  left 
untreated. 


Nematodes  on  Potatoes 

One  of  the  spray  tests  presented  an  unusual  opportunity  to  study 
the  influence  of  nematodes  upon  yield.  The  root  knot  nematode 
(H.  marionij  not  only  causes  disfiguration,  with  subsequent  low  sala- 
bility  of  potato  tubers,  but  also  reduces  yields.  The  higher  the  per- 
centage of  tubers  severely  galled  the  lower  the  yield.  The  percentage 
of  tubers  showing  severe  galling  was  calculated  by  inspection  of  200 
mature  tubers,  collected  at  random  from  a  75-foot  row  of  potatoes. 
Results  are  given  in  table  17  (preceding  page). 

Hov}'!  has  reported  that  silver  proteinate  or  silver  nucleinate  as  it 
is  also  called,  is  of  considerable  value  as  a  nematocide,  applied  at  the 
rate  of  0.3  gram  per  tomato  plant.  This  material,  at  the  above  rate, 
mixed  with  potato  fertilizer,  was  applied  to  infested  soil  before  plant- 
ing tubers.  At  harvesting,  yields  and  percentage  of  tubers  severely 
galled  were  obtained  from  treated  and  adjacent  untreated  plots.  In 
two  dilTerent  trials  no  consistent  increase  in  yield  or  reduction  in  per- 
centage of  tubers  severely  galled  could  be  attributed  to  the  presence  of 
the  silver  salt.  (Parris,  Kil?itta) 

Dam  ping-Off  Studies 

It  is  now  concluded  that  Pyfliiiini  and  Rliicoctoiiia  are  the  two 
genera  of  fungi  largely  responsible  for  damping-off  in  Hawaii  with 
the  latter  the  more  cosmopolitan  and  destructive  (see  fig.  22).  Seme- 
san and  cuprous  oxide  (red  copper  oxide)  have  been  studied  more 
fully  with  reference  to  their  protective  value  and  possible  toxicity  on 
different  crop  plants.  The  following  are  findings  since  publication  of 
the  last  annual  report : 

Sciucsan.  Use  on  cauliflower,  kale,  turnip,  cucumber,  squash, 
okra,  alfalfa,  and  pea. 

Sciiicsan  or  cuprous  oxide.  Use  on  Swiss  chard.  (Matsnura) 

Hovy,  J.  \V.  H.  Olidodviiamic  control  of  celworm  (Hctcrodcra  marioiii).  Nature 
144:   672.  1939. 
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M isccllaucoiis  f'laiit  Diseases 

In  table  18  is  given  a  list  of  diseases  noted  in  the  Hawaiian  Islands 
(hiring  the  past  year  hnt  not  discussed  in  this  report.  (Parris) 


Table  18. — ^Miscellaneous  ]>lant  diseases  noted  in  the  Hawaiian 
Islands.  July  I'M'*  to  June  1940 


Disease 

Host 

Gciustil  agent 

Common  name 

Scientific  iiaiiie 

Common  name 

Alternaria  sp. 

Leaf  spot 

Gerbera  jamesoni 

1  ransvaal  daisy 

Bacterium  sp. 

GO 

Panax  sp. 

Panax 

Bacterium  sp. 

( woodsii  ? ) 

ao 

1  Jiunthus  cary()piiyilus 

v^arnatK.ni 

C"erccispora  violae 

GO 

\  11  ila  sp. 

\  iolet 

V  '  11  It  K HI  ILI ILIII 1  >t\). 

P  rii it  r( 't 

IyV'c<3persicoii  esculentuin 

1 1  imato 

i  ollpfotrir'nTiTn  cr^ 

1  11 1  O'  f*1 1  m  1 
V  1 11^1  LIIll  .  f 

do 

Capsicum  frutescens 

Pepper 

C  ollctotrichutii  sp. 

(gloeosporioides ) 

GO 

Aiiiioua  cherimola 

Chermio3'a 

L  olletotrichum 

Kruit  rot 

lagenarium 

and 

Icnf  <iirit 

C  uciimis  sati\'us 

Cucumber 

r  usarium  sp. 

callistcphi ) 

K-Oot  rot 

Callistephus  chmeiisis 

Aster 

F'li'^ariuin  sp. 

Vialllvll.  ( 

\1\J 

l^titliyriis  ii(l()ratus 

O  W       L  pert 

Fusariiim  sp. 

( lycopersici  ? ) 

Wilt 

Lycopersicon  esculent um 

Tomato 

Gloinerella  cingulata 

Leaf  spot 

Lathyrus  o<loratus 

Sweet  pea 

Hetcrodera  marioni 

Root-knot 

Dahlia  sp. 

Dahlia 

Leptosphaeria  sji. 

(  sacchari  ?  ) 

Leaf  spot 

Pennisetuni  purpureum 

Xapier  grass 

Mdsaic  virus 

Mosaic 

Capsicum  frutescens 

Pepper 

Lathyrus  odoratus 

Sweet  pea 

Oidiuin  caricae 

Powdery 

mildew 

Carica  papaya 

Papaya 

Peronospora  parasitica 

Do\vn\' 

mildew 

Hrassica  oleracea 

Cabbage 

Phyllosticta  sp. 

( niedicaginis?) 

Leaf  spot 

^ledicago  sativa 

Alfalfa 

Phyllosticta  sp. 

(sorghina?) 

do 

Pennisetuni  purpureum 

Napier  grass 
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Tabic  18. —  (Continued). 


Disease 

Host 

Causal  agent 

Common  name 

Scientific  name 

Common  name 

Phytomonas  campestre 

Leaf  spot 

Brassica  oleracea 

var.  botrytis 

Broccoli 

Phytomonas  phaseoli 

do 

Phaseolus  lunatus 

Lima  bean 

Piricularia  sp. 

(grisea? ) 

do 

Digitaria  sanguinalis 

Crab  grass 

Plasmodiophora 

brassicae 

Club  root 

Brassica  oleracea 

Cabbage 

Rhizoctonia  solaiii 

Bottom  rot 

Brassica  pekinensis 

Chinese  cabbage 

Sclerotium  rolfsii 

Root  rot 

Baleria  sp. 

Phaseolus  vulgaris 

Bean 

vSolanum  melongena 

Eggplant 

Plant  Physiology 


f'actors  .Iffccfiiti:;  (icrniinaf Ion  of  Siii^arcaiic 

In  the  report  of  tlie  station  for  193*^,  clTects  of  certain  external 
and  internal  factors  on  cane  germination  were  discussed.  Further 
studies  on  germination  of  seed  jiieces  in  relation  to  length  and  hud 
position  are  summarized  in  tahle  19. 

Table  !'■>. — v^ummarv  of  reaction  of  toj)  seed  pieces  to  length 
and  bud  position 


Number 
of  buds 
per  piece 

Number 
of  pieces 
used 

Position  of 
terminal  bud 

Percentage  of  shoots 

Above  SO  cm. 

20-50  cm. 

Below  20  cm. 

50 

I'P 

100.0 

0.0 

0.0 

1 

50 

Down 

94.0 

4.0 

2.0 

50 

Side 

98.0 

.0 

20 

50 

Up 

5().(l 

8.0 

2 

50 

Down 

74.0 

20.0 

6.0 

50 

Side 

"().(> 

24.0 

.0 

75 

Up 

54.6 

24.6 

20.8 

3 

75 

Down 

38.f) 

18.8 

42.6 

75 

Side 

66  7 

21.3 

12.0 

100 

Up 

4').i ) 

7.0 

44.0 

4 

100 

Down 

40.0 

21.0 

39.0 

100 

Side 

50.0 

22.0 

28.0 

125 

Up 

42.4 

14.0 

44.0 

5 

125 

Down 

16.5 

45. () 

125 

Side 

49.6 

24.8 

25  6 

The  planting  of  one-bud  or  even  two-bud  seed  pieces  may  not  be 
practical,  hut  hy  planting  three-hud  jiieces  with  huds  on  the  side,  at 
least  66  i)ercent  of  the  shoots  should  be  strong,  if  temperature  and  soil 
conditions  are  favorable.  The  influence  of  seed-])iece  length  is 
extremely  marked  as  the  temperature  drops. 

Certain  pre-])lanting  treatments  of  .seed  jMeces  have  been  found 
beneficial  under  unfavorable  ])lanting  conditions.  Soaking  in  warm 
water  (85°  to  95°  F.)  for  24  to  48  hours  gives  sul)stantially  improved 
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germination  and  vigor,  but  soatcing  in  a  warm  1 -percent  solution  of 
calcium  nitrate  gives  even  greater  assurance  of  an  improved  stand. 
(  Clements) 

Climatic  and  Physiologic  Factors  Affecting 
Production  of  Sugarcane 

Observation  of  wide  variations  in  yield  of  the  same  variety  of 
sugarcane  between  two  crop  areas  has  led  to  an  analysis  of  the  factors 
afifecting  production  in  these  two  areas.  A  yield  of  65  tons  of  cane  at 
Kailua,  Oahu,  as  compared  with  134  tons  at  Waipio,  Oahu,  has  been 
found  to  Ije  directl)'  related  to  climatic  factors,  particularly  sunlight 
intensity.  With  adequate  soil  moisture  in  both  areas  and  a  slightly 
superior  soil  structure  at  Kailua,  the  difiference  in  favor  of  the  Waipio 
crop  resulted  from  the  greater  atmospheric  energy  at  the  latter  loca- 
tion together  with  a  larger  leaf  area  and  a  greater  crop  density. 

In  addition  to  complete  weather  records  during  the  22-month 
growth  cycle,  growth  data  were  taken  at  intervals  of  approximately  1 
month  throughout  the  period.  These  data  include  records  of  terminal 
extension  of  selected  pilot  plants,  the  rate  of  leaf  emergence,  leaf  area, 
and  crop  density.  Plants  collected  at  monthly  intervals  were  com- 
pletely divided  in  functional  units  and  subjected  to  chemical  analysis 
of  various  components,  including  simple  sugars,  sucrose,  acid-hydro- 
lyzable  carbohydrates,  total  nitrogen,  phosphorus,  calcium,  potassium, 
and  moisture.  As  a  result  of  correlations  among  these  materials,  the 
climatic  records,  and  growth  data,  it  has  been  possible  to  integrate 
climatic  factors  with  physiological  processes.  Since  the  climate  varies 
from  year  to  year  and  from  crop  area  to  crop  area,  in  order  to  apply 
fertilizer  and  irrigation  water  judiciously,  it  is  necessary  to  use  the 
plant  or  some  part  of  it  as  an  index  of  its  own  requirements. 

The  indices  which  are  useful  in  determining  the  fitness  of  the  plant 
to  its  specific  environment  are  divided  into  the  primary  and  secondary 
indices  based  on  usefulness  and  importance.  The  primary  index  was 
found  to  be  the  total-sugar  content  of  the  sheaths  associated  with  the 
young  leaves.  A  perfect  crop  is  one  in  which  this  index  is  uniformly 
maintained  between  10  and  12  percent  (dry  weight)  until  the  six- 
teenth month,  after  which  it  rises  sharply  to  20  percent  or  more. 

Departures  from  this  index  are  indicative  of  interfering  factors 
which  can  be  identified  b}'  reference  to  any  one  or  more  of  the  sec- 
ondary indices.  The  moisture  content  of  these  same  young  sheaths 
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shows  a  strong  correlation  with  the  i)lant  as  a  whole  and  is  used  as  the 
moisture  index.  The  nitrogen,  phosphorus,  potassium,  and  calcium 
indices  are  hased  on  analysis  of  the  young  leaf  hladcs. 

When  the  primary  index  is  unusually  high,  the  plant  is  producing 
less  growth  than  normal.  Factors  causing  this  most  commonly  are 
low  tem])eratures,  low  moisture,  and  low  nitrogen,  in  that  order.  The 
minerals,  phos])horus.  potassium,  and  calcium,  are  very  rarely  the 
causes  of  a  sudden  decline  in  growth.  \\'hen  the  ])rimary  index  is 
unusuall}'  low,  the  plant  is  ])roducing  more  growth  than  can  he  recon- 
ciled with  (juality.  This  is  caused  by  high  tem])eratvn'e,  cloudiness, 
excessive  moisture,  or  nitrogen.  In  all  cases,  the  jirimary  index  essen- 
tially portrays  the  growth  status  of  the  plant  and  if  jiroperly  maintained 
will  yield  the  largest  tonnage  concomitant  with  quality  possible  under 
the  particular  climatic  conditions.  The  advantage  of  using  the  index 
method  oxer  the  enii)irical  method  is  that  a  check  can  be  kept  on  the 
crop  while  there  is  still  time  to  correct  any  maladjustments.  The  empir- 
ical methods  are  much  less  helpful  since  results  are  not  available  until 
the  final  yield  is  harvested.  Further,  the  results  are  of  importance  to 
the  past  crop  but  not  to  the  present  or  future  crops  since  the  weather 
changes  from  year  to  year.  (Clements ) 

Stiiii iilafioii  of  Roof  Ponnation  of  Sii  ".'(H'caiic 
With  lilliyl  Alcohol 

The  desirability  of  ensuring  root  formation  for  studies  on  germi- 
nation of  sugarcane  led  to  the  treatment  of  seed  pieces  with  various 
growth-inducing  substances,  including  indole  butyric  acid,  water, 
ammonium  i)hosi)hate,  calcium  nitrate,  and  ethyl  alcohol. 

A  5-percent  solution  of  95  ])ercent  ethyl  alcohol  jjroved  to  be  the 
most  effective  treatment  for  stimulating  root  formation,  especially  at 
low  temperature  (69°-75°  F. ).  Optimum  time  of  treatment  was 
between  24  and  48  hours.  Less  stimulation  occurred  in  young  seed 
pieces  than  in  more  mature  planting  material,  suggesting  that  the  ethyl 
alcohol  serves  as  a  readily  available,  high-energy  food.  ( Clements, 
Akamiue) 

Movcmcnl  of  ()r<^aiiic  Solutes  in  the  Saiisai^c  Tree 

Movements  of  organic  solutes  in  the  fruits  of  the  sausage  tree. 
Kigelia  afrieaiia.  as  studied  over  a  period  of  3  months,  tend  to  disprove 
the  concept  of  a  concentrated  sugar  solution  (at  least  10  percent) 


Figure  2J.  —  Left,  plant  of 
Cucurhita  pepo  at  loiv  meta- 
holie  level;  right,  plant  at 
high  metabolic  level.  The 
ijuantity  and  composition  of 
the  exudate  of  this  species  at 
three   metabolic  levels  ivere 


studied. 


moving  en  masse  through  passive  phloem  tissues,  the  water,  after 
depositing  its  sugar,  then  returning  by  way  of  the  xylem  tissues. 

By  monthly  analysis  of  the  phloem  tissues  of  representative  fruits, 
the  rate  of  solution-movement  necessary  to  transport  the  sugar  present 
in  the  fruits  was  established.  An  attempt  was  then  made  to  explain 
this  movement  on  the  basis  of  the  mass-flow  hypothesis.  The  hypothe- 
sis was  found  to  be  inadequate  in  the  following  particulars : 

1.  Although  a  passive  sieve-tube  cytoplasm  is  necessary  to  the 
concept,  the  greatest  movement  of  materials  into  the  fruits  was 
observed  during  the  first  5  weeks  of  development,  when  the  proto- 
plasm is  most  active. 

2.  Although  the  strength  of  the  sugar  solution  has  been  assumed 
to  be  at  least  10  percent,  the  phloem  tissue  of  these  fruits  was  found  to 
have  a  reducing-sugar  level  of  only  0.62  percent  and  a  total-sugar 
level  of  1.75  percent. 

3.  No  evidence  could  be  obtained  to  sul)stantiate  the  return  of 
water  from  the  fruit  through  xylem  tissvie. 

4.  On  the  basis  of  sugar  content  of  the  phloem  tissue,  the  neces- 
sary speed  of  solution-movement  would  be  many  times  the  capacity 
of  the  xylem  tissues. 

As  a  result  of  these  findings,  the  conclusion  was  drawn  that  the 
observed  movement  of  sugar  into  the  fruits  of  the  sausage  tree  must 
be  described  as  a  function  of  the  living  protoplasm  of  the  sieve  tube. 
(  Clements) 

Translocation  of  Organic  Materials  in  Cucurhita  pepo 

In  a  study  of  the  significance  of  phloem  exudate  in  reference  to 
translocation  of  organic  materials,  the  quantity  and  composition  of  the 
exudate  of  the  cucurbit  were  determined  at  several  times  during  the 
day  from  plants  at  three  metabolic  levels  (see  fig.  23):  (1)  young 
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plants,  s^rowiiiij"  very  rapidly,  (2)  ])lants  which  were  fruitins^'  1)Ut 
which  had  an  adequate  sup]il\'  of  nitrot^en,  and  ( )  those  of  the  same 
age  as  (2  I  hut  with  a  low  nietaliolic  lexel  hecause  nitrates  had  heen 
withheld  from  the  culture  solution.  The  (juantity  of  exudate  bore  no 
relationshi])  to  the  (|uantit\'  of  translocation  hut  was  s]iecificall\'  shown 
to  he  correlated  with  the  osmotic  relations  of  the  tissues  at  tiie  time  of 
cutting. 

More  than  one-thirtl  of  the  dry  matter  of  the  exudate  is  |)rotein, 
pointing  to  a  dense,  active  cyto])lasm  of  tlie  sieve  tubes  from  which 
the  exudate  is  shown  largelx'  to  arise.  Sugars  represent  less  than  one 
percent  of  the  fresh  weight.  The  composition  of  the  exudate  shows 
no  relation  to  the  composition  of  the  adjacent  tissues.  In  ])lants  with 
a  high  metabolic  rate,  the  sugars  of  the  tissues  are  very  low  while 
those  of  the  exudate  are  relatively  high.  In  plants  with  a  low  meta- 
bolic rate  the  sugar  content  of  the  tissues  is  very  high  while  that  of 
the  exudate  is  low.  The  intermetliate  ])lants  are  intermediate  in  their 
composition.  The  data  on  quantities  of  exudates  and  their  com])()sition 
indicate  that  the  mass  flow  hy]iothesis  is  untenable,  and  that  translo- 
cation intensity  a]i])arently  is  correlated  with  the  metabolic  le\'el  of 
the  i)lant.  (  Cooil > 

.  I  rscilic  Toxicology 

Tomatoes  grown  in  water  cultures,  in  the  presence  of  sodium 
arsenite,  accumulated  less  arsenic  in  the  fruits  than  in  the  leaves  and 
stems.  The  total  yield  (  fruits,  stems,  and  leaves  )  was  markedly  and 
progressively  reduced  b\-  arsenic,  even  the  most  dilute  concentra- 
tion— part  per  million — reducing  the  yield  by  20  percent. 

Arsenic  toxicity  in  the  tomato  was  partially  de])endent  on  ])hos- 
]ihate  a\  ailability  (see  fig,  24).  As  the  phosphorus  level  was  increased, 
within  certain  limits,  the  plant  survived  greater  concentrations  and 
absorbed  less  arsenic. 

In  repeated  croppings.  less  arsenic  was  accumulated  in  the  toi)s 
of  each  plant,  but  the  roots  continued  to  absorb  large  (piantities. 
(  H  cggcncss) 

(icniiinal loll  of  Grass  Seeds 

C'ontinued  exiierimentation  has  established  methods  of  breaking 
dormancv  and  increasing  germination  of  seeds  of  four  sjiecies  of 
grass. 


Figure  24. — Effects  of  f>lit)s phate  at  various  levels  on  toxicity  of  sodium  arsenite 
to  tomato  plants  in  icater  culture.  All  cultures  at  left  are  the  same  as  those  on 
the  right  except  that  5  parts  per  million  of  As.Ox  ivere  added  as  sodium  arsenite. 
Cultures  at  A  have  one-half  the  normal  amount  of  phosphate;  cultures  at  B 
have  the  normal  amount;  C,  ticice  normal;  D,  three  times  normal. 
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I'aspaliim  iiotahtni,  I'aiiiciiiii  prohtliiin.  and  Fciiiiischiiii  ciliarc 
increased  in  gerniinatidn  after  being  soaked  in  concentrated  sulfuric 
acid  for  varying  j^eriods.  The  optimum  period  for  Paspahtiii  iiotatum 
was  between  30  and  35  minutes;  for  Pciiiiiscfiiiii  ciliarc,  only  10  to  15 
minutes.  Records  taken  28  days  after  i)lanting  indicate  that  maximum 
germinations  of  60  to  80  percent  can  be  sectn^ed  by  treatment,  whereas 
untreated  seeds  show  less  than  5  percent  gernn'nation. 

I'anicKiii  pralut mil ,  in  one  test,  germinated  around  40  percent  after 
soaking  in  tap  water  for  72  hours.  Another  lot  of  seed,  however, 
apparently  with  harder  seed  coats,  re(|uired  scarification  with  concen- 
trated sulfm'ic  acid  for  20  minutes  before  etjuivalent  gerniination 
was  secured. 

Seed  of  Pciiiiisctiiiii  sctositm  were  soaked  for  24  hours  in  solutions 
of  various  chemicals  which  are  known  to  furnish  nitrogen,  promote 
growth,  or  regulate  res])iration.  A  1-percent  solution  of  ammonium 
sulfocyanide,  which  is  lioth  nitrogen  carrier  and  a  respiratory 
stimulant,  improved  germination  from  around  50  percent  to  over  90 
percent.  Potassium  nitrate  and  \  itaniin  C  solutions  also  increased  ger- 
mination. Repeated  experiments  with  ammonium  sulfocyanide,  how- 
ever, indicate  that  the  condition  and  tem])erature  of  the  soil  may  deter- 
mine whether  the  seed  benefit  from  treatment.  I .  Ikaiiiiiic ) 
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Fowl-Pox  J\iccinafion  of  Day-Old  Clucks 

Day-old  chicks  were  divided  at  random  into  3  groups  of  approxi- 
mately 100  chicks  each.  Chicks  in  group  1  were  not  vaccinated  but 
were  held  as  a  check  in  a  mosquito-proof  room.  Chicks  in  group  2 
were  vaccinated  in  the  wing  by  the  stick  method  as  they  came  from  the 
incubator,  aird  were  placed  at  once  in  a  screened  brooder.  Chicks  in 
group  3  were  vaccinated  on  the  thigh  by  plucking  the  down  from  a 
small  area  and  applying  the  vaccine  with  a  stiff  camel's  hair  brush. 

At  6  weeks  the  chicks  from  all  lots  were  transferred  to  two  wire- 
floored,  unscreened  houses.  Older  chicks  infected  with  fowl  pox  were 
placed  in  the  pens  with  the  experimental  chicks.  After  10  days  a  care- 
ful inspection  was  made  of  each  chick. 

Although  the  chicks  showing  positive  reactions  were  considerably 
fewer  in  the  vaccinated  lots,  the  mortality  was  much  higher  than  in 
the  check  lot. 

The  high  losses  among  the  vaccinated  groups  were  attributed  to 
severe  reactions  from  use  of  too  coarse  a  needle  and  exposure  of  too 
much  surface  on  the  leg. 

A  second  test  was  initiated  in  which  a  finer  needle  was  used  in 
vaccinating  in  the  wing,  and  no  down  was  plucked  from  the  thighs 
(see  fig.  25).  The  vaccine  was  applied  to  the  undisturbed  skin 
surface. 

Again  mortality  was  excessive  in  group  2,  in  spite  of  the  use  of 
a  smaller  needle.  The  large  numljer  of  positive  reactions  in  group  3 


Figure  25.  —  Vaccination 
scabs  on  ziwbs  of  chicks' 
zvings:  Left,  mild  reaction 
due  to  use  of  fine  needle; 
right,  severe  reaction. 
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indicated  lliat  the  ap] ilicatii mi  oI"  vaccine  tn  the  thi^li  with  no  reiiKival 
of  dow  n  is  ineffcctuah  (  U'tun'crJ 

Jh'crdiii!^  for  ///^'V/  iSg^^  I^roduction 

In  the  si)ring  of  1*)3''.  10  ])ens  of  l.ei^horn  hreeders,  3  of  liarred 
PI\niouth  Rocks,  and  2  of  Rhode  Island  Reds  were  mated,  and  tlie 
female  progeny  were  placed  in  the  la\ing  pens  in  the  fall  of  1939. 
Trapnest  records  of  egg  ])ro(luction  have  heen  ke])t.  All  birds  remoxed 
from  the  pens  by  cnlling  or  death  are  considered  as  cases  of  mortality. 
This  procedure  obscures  somewhat  diiTerences  in  production  and  dis- 
ease resistance  between  matings  but  gives  excellent  material  from 
which  to  .select  for  new  matings.  (Weaver) 

H omc-Madc  Ilgg'  C'oolcr 

A  series  of  four  tests  were  run  in  which  an  insulated  egg-cooling 
cabinet  was  compared  with  an  open  room  as  a  place  for  holding  eggs. 
The  cabinet  was  constructed  with  inside  dimensions  of  28  by  31  by  41 
inches.  Three  sides  and  the  top  were  of  double-wall  construction  w  ith 
4  inches  of  sawdust  as  insulating  material.  The  fourth  side  was  closed 
by  a  doulile  curtain  of  burla]i,  dipping  into  a  tank  of  w^ater  at  the  top. 
A  float  \'al\'e  held  the  water  at  a  constant  le\el,  within  one-half  inch 
of  the  upper  edge  of  the  tank.  The  cabinet  was  divided  into  sections 
by  a  woven-wire  partition.  Eggs  were  candled  and  graded  before  and 
after  being  i^laced  in  the  cooler. 

Temperature  inside  the  cooler  averaged  5  degrees  lower  than  out- 
side temperature.  Relative  humidity  averaged  15  percent  higher  inside 
than  outside.  Under  these  conditions  eggs  which  were  held  as  long  as 
7  days  still  graded  80  to  90  percent  fancies  and  extras  in  the  cooler, 
but  less  than  50  percent  outside.  Held  longer  than  7  da}  s,  the  eggs 
lost  quality  rapidly  even  in  the  cooler. 

Jt  was  not  jiossible  to  get  the  temi)eratiu-e  down  to  the  desired 
60°  F.  at  the  University  farm.  In  localities  where  the  air  is  normally 
drier  and  where  lower  average  temperatures  prevail,  the  cooler  ma\-  be 
more  etfective.  ( ll'eaz-cr,  Blakc'^ ) 

I Jiciibation  of  Muscoi'x  Ihtcks 

Since  Muscov}'  duck  eggs  do  not  hatch  well  in  inculialtii>,  a  test 
was  conducted  to  determine  whether  the  difficulty  could  be  overcome. 
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Two  small  electrically-heated  and  controlled  incubators  were  o]ier- 
ated  at  100°  and  102°  F.  Humidity  was  maintained  by  shallow  pans 
of  water  in  the  bottom  of  each  machine  in  which  37  Muscovy  duck- 
eggs  were  placed.  Thirty  additional  eggs  were  divided  among  three 
broody  hens.  Eggs  were  turned  4  times  daily.  Moisture  loss  was 
determined  by  periodic  weighing  of  all  eggs  individually. 

The  operating  temperature  of  100°  gave  a  hatch  of  58  percent 
while  102°  gave  only  25  percent.  Hatch  by  broody  hens  was  80 
percent. 

A  second  test  was  run  in  which  the  temperature  was  held  at  100° 
in  both  machines  but  moisture  varied.  Another  variation  was  to  move 
eggs  from  the  incubators  to  the  hens  and  vice  versa  at  the  end  of  2 
weeks. 

Loss  of  moisture  from  the  eggs  in  incubator  No.  2  was  restricted 
in  two  ways:  (a)  Surface  area  of  the  moisture  pans  was  slightly 
greater,  and  (b)  larger  eggs  were  used  (less  evaporating  surface  in 
relation  to  contents  of  eggs).  Twenty  eggs  were  placed  under  two 
broody  hens.  After  2  weeks  of  incubation  10  eggs  were  taken  from 
one  hen,  and  5  of  them  j^laced  in  each  incubator. 

In  this  test  the  hens  produced  a  68-percent  hatch ;  the  restricted- 
moisture  incubator,  54  percent ;  and  the  normal-moisture  incubator, 
only  28  percent.  All  of  the  eggs  transferred  from  the  hen  to  the  incu- 
bators at  the  end  of  2  weeks  hatched,  while  only  5  of  the  10  eggs 
transferred  from  the  incubators  to  the  hen  hatched.  Apparently  the 
first  2  weeks  are  most  critical  in  incubation,  a  fact  which  can  be  used 
to  advantage  by  duck  raisers.  ( IVcavcr,  Tsubota'^) 

Rations  for  Grozviug  Chicks 

Pineapple  sirup.  Five  lots  of  33  chicks  each  were  employed  in  an 
experiment  to  determine  the  value  of  ])ineapple  sirup  as  a  substitute 
for  corn  meal  in  chick  rations.  One  lot  on  a  standard  ration  served  as 
a  check,  one  lot  received  7.5  percent  cane  molasses,  and  three  lots  were 
fed  pineapple  sirup  at  7.5-,  10-,  and  15-percent  levels. 

All  of  the  lots  receiving  pineapple  sirup  made  better  gains  than  did 
the  chicks  receiving"  cane  molasses.  Of  the  experimental  lots,  the  10- 
percent  pineapple  sirup  was  superior.  However,  the  chicks  on  the 
standard  ration  made  the  best  gains  of  any  lot  in  the  test,  and  their 
feed  costs  were  lowest.  fJJ'eaz'er,  Koiig^ ) 
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All-island  ration.  An  attempt  was  again  made  to  develoj)  a  chick 
ration  exclnsively  of  local  products,  chiefly  ])inea])]ik"  hran,  algaroba 
hean  meal,  and  molasses  yeast.  Results  were  so  ])oor  that  the  test  was 
discontinued.  I  1 1  'caz'cr ) 

Ixalions  for  /.ayiiit:;  Ileus 

Pineapple  hran.  Four  pens  of  15  !A'.L;horn  hens  each  were  placed 
on  test  to  determine  the  value  of  4  ])ounds  of  ])ineai)])le  bran  and  1 
jjound  of  so\'l)ean  meal  as  a  substitute  for  5  pounds  of  !.^"round  oats  in 
rations  for  laying  hens.  One  lot  served  as  a  check  while  the  other  three 
lots  received  rations  containing  pineapple  bran  at  10-,  15-,  and  20- 
jiercent  levels. 

Egg  production  and  hatchability  were  highest  for  the  15-percent 
pineapple  bran  grou]). 

]'casl-fernicntc(l  niasli.  Work  re])orted  in  l''o''  indicated  that 
pullets  confined  in  a  battery  i)roduced  luore  eggs  on  a  yeast-fermented 
mash  than  on  the  fresh  mash  moistened  with  water.  This  ex])eriment 
has  been  continued  for  a  second  year  with  40  of  the  60  original  pullets 
in  their  second  _\ear  of  lay  and  20  additional  birds  in  their  first  \e.'U'. 
Records  were  ke])t  of  egg  ]>roduction.  changes  in  body  weight,  and 
mortality. 

Differences  in  egg  ])roduction  diu'ing  this  jiast  year  were  not  so 
great  in  favor  of  the  yeast-fed  group  as  in  the  ]>revious  year.  Mor- 
talit}-  was  excessive  among  birds  in  their  second  year  of  lay  on  Ijoth 
rations. 
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Heaf-of-JV citing  Studies 

Apparatus  and  Tccliiiiqiic.  Improvements  in  methods  for  deter- 
mining the  heat  evolved  when  soils  are  saturated  have  included  the 
use  of  a  room  of  fairly  constant  temperature,  the  determination  of  the 
water  equivalent  of  the  system  by  electrometric  methods  both  before 
and  after  each  test,  and  the  introduction  of  conventional  radiation 
corrections  based  upon  air  and  calorimeter  temperatures  at  frequent 
intervals  for  a  period  that  may  extend  for  more  than  2  hours. 

Sealed  glass  bombs  continue  to  serve  as  sample  holders,  prior  to 
the  time  of  wetting.  When  oven-dried  soils  are  involved,  the  dry  soil 
is  sifted  into  the  blown  bulb  through  a  narrow  neck.  The  loaded 
bombs  are  then  heated  to  105°  C.  for  48  hours.  The  seal  is  made  by 
means  of  a  hot  flame  while  the  bombs  are  hot  from  the  oven.  If  the 
determination  is  to  be  made  on  samples  containing  some  moisture,  the 
bomb  is  sealed  as  soon  as  the  prepared  soil  is  introduced. 

Some  difficulty  was  experienced  when  dry  soils  were  used  because 
such  bombs  often  float.  To  avoid  this  difficulty  soils  with  low  volume 
weights  were  sealed  into  relatively  thick-walled  bombs  or  into  bombs 
carrying  a  drop  of  glass  for  a  counterpoise.  Samples  contained  from 
15  to  20  grams  of  material. 

When  every  precaution  is  taken,  replicate  tests  may  be  expected 
to  check  within  0.2  calory  per  gram  of  oven-dried  material.  Discrep- 
ancies greater  than  this  may  be  attributed  to  differences  in  the  samples. 

A  constant-temperature  room  and  radiation  correction  are  essential 
if  extreme  precision  is  required. 

Effect  of  Non-Uniform  Moisture  Distribution.  Many  Hawaiian 
soils  are  characterized  by  a  stable,  granular  structure ;  thus  it  is  diffi- 
cult if  not  impossible  to  bring  such  soils  to  a  predetermined  moisture 
content  with  any  assurance  that  the  moisture  is  uniformly  distributed 
over  the  ultimate  surfaces.  Lack  of  uniformity  of  distribution  results 
in  greater  heats  of  wetting  than  would  lie  noted  if  uniform  distribution 
had  been  secured. 
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Sani])les  of  nven-clried  soil  were  ex])osecl  in  desiccators  to  the 
water  vapor  over  sul])huric  acids  of  varying  concentrations  nntil 
apparent  eqnilihrinin  was  attained.  Other  oven-dried  sam])les  wx^re 
brought  to  similar  moisture  contents  Iw  exposure  to  a  blast  of  satu- 
rated air  in  a  rotating  box.  The  heats  of  wetting  of  the  several  sam- 
ples were  (k'terniined  with  the  results  shown  in  table  20. 

Tabic  20. — Com])arisons  of  heats  of  wetting  of  soil  sani])les  brought 
to  sinu'lar  moisture  contents  l)_v  desiccation  and  b\-  exjjosure 
to  air  blasts 

Heats  of  wetting  per  gram 

Soil  moisture   

(Oven-dried  basis)  Desiccator  samples  Air  blast  samples 

Percent  Calories  Calories 

1.87  2.66  3.25 

2.37  2.14  2.35 

4.16  1.09  1.40 


It  is  apparent  that  the  moisture  content  of  a  soil  as  determined  1\v 
conventional  means  is  not  the  only  indication  of  the  soil's  capacity  to 
generate  heat  upon  saturation. 

With  oven-dried  soils,  increasing  the  temperature  of  the  oven 
during  drying  increases  the  heat  of  wetting.  Differences  in  the  tem- 
perature of  drying,  within  the  accuracy  of  most  drying  ovens,  are 
significant. 

Moisture  percentages  between  3  and  6  appear  to  be  optimum  if 
reproducible  heat  of  wetting  results  are  desired. 

Oritjiiial  Soil  Moisture  Content.  Seventy-eight  soil  bonil:)s  were 
prepared  to  test  the  relationship  between  the  heat  of  wetting  and  the 
original  soil  moisture  content.  The  moisture  contents  were  so  adjusted 
by  preliminary  treatment  that  statistical  interpretation  of  the  results 
was  possible.  Although  an  exponential  relationship  was  suggested 
when  the  heats  of  wetting  were  plotted  against  moisture  contents,  the 
conventional  logarithmic  plotting  suggested  two  intersecting  lines 
in  place  of  one.  Other  workers  have  similarly  noted  intersecting 
straight  lines  when  the  relative  humidities  associated  with  varying 
moisture  contents  were  plotted  against  moisture  contents. 

Effect  of  Ke plaeeahle  Bases.  Six  soils  representing  widely  dilTer- 
ent  conditions  of  local  weathering  were  treated  with  dilute  calcium 
solutions  until  a  ]>H  of  about  7.0  was  secured.  Heats  of  wetting  were 
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then  determined  on  the  oven-dried  material.  AUhough  the  heats  of 
wetting  with  the  calcium-treated  soils  were  always  slightly  greater 
than  similar  results  from  untreated  soils,  the  dififerences  were  not 
great  and  perhaps  not  significant.  It  is  not  known  whether  this  result 
is  due  to  inability  to  replace  other  cations  in  the  six  soils  with  calcium 
by  this  means,  or  to  a  high  original  calcium  content.  The  same  soils 
are  being  saturated  with  hydrogen  by  electrodialysis.  The  results  from 
this  series  will  contribute  to  our  knowledge  of  the  significance  of  base 
hydration  upon  the  measurable  heat  of  wetting. 

Granule-Stability  in  Hawaiian  Soils.  It  has  been  suggested  that 
many  of  the  physical  properties  of  Hawaiian  soils  are  due  to  the 
water-stability  of  soil  granules.  This  hypothesis  is  being  tested  by 
scouring  dispersed  soils  in  an  electriator  operating  under  a  wide  range 
of  velocities.  (IVadszvorth,  Inn) 


Branch  Stations 


Halcakala  llrancli  Station 

The  lars^est  area  at  this  station  and  at  the  (  )hn(la  vSuh^tation  is 
devoted  to  work  on  grasses  and  legumes,  inchiding  grass  nurseries 
(see  fig.  26),  grazing  cafeterias.  ])astures,  and  cultural  and  fertilizer 
trials.  In  addition.  5  acres  are  planted  to  horticultural  crops,  chietly 
macadamia  and  litchi  trees  and  berries. 

Concentrated  efforts  were  made  during  the  }ear  to  s\stematize 
field  notes  on  vigor,  yield,  recovery,  and  variations  in  the  grass  gar- 
ilens.  In  pasture  grazing  trials,  notes  were  taken  on  jiersistence. 
aggressiveness,  recovery,  palatal^ility,  and  carrying  capacity. 

Studies  on  clovers  at  this  location  otTer  promise,  and  various  nurse 
crops  and  fertilizer  combinations  are  under  t)l).servation. 

l^lantings  of  corn  have  been  made  at  6-week  intervals  to  observe 
yields  from  various  planting  dates  for  areas  of  similar  elevations  and 
climatic  conditions. 

Periodic  ])runing.  training,  and  cultural  care  have  been  given  1<S3 
macadamia  trees  in  a  varietal  test  i)lanting.  .\(la])tabilit\'  to  this  ele\a- 
tion  of  59  litchi  trees  is  also  lieing  studied. 

Voungberries  ap])ear  to  be  more  vigorous  than  bovsenberries.  but 
yields  of  both  varieties  were  disappointing.  To  date  none  of  the  18 
varieties  of  strawberries  under  test  has  shown  marked  adaptabilitv. 


Fiyine  26. — Grrirriil  I'/ri;  of 
r/niss    t/ttrden    al    U  (ileaktild 
lir(Ui(h  sliitiitn. 


Figure  27. — Young  coffee  orchard  in  bloom  at  Kona  brancJi  station;  this  heavy 
bloom  resulted  in  excessively  high  yields  of  cherries  folloived  by  severe  dieback 

of  tfie  trees. 


During  the  year  new  cattle  weighing  scales,  holding  pens,  and 
feeding  pens  were  constructed.  Plant  propagation  sheds  were  moved 
to  a  more  favorable  location,  and  a  new  cold  frame  was  built. 
(  Murphy  ) 

Kona  BraiicJi  Station 

Coffee  investigations  (see  fig.  27)  included  monthl)'  measurements 
of  circumferences  and  lateral  and  terminal  growth  of  six  young  coffee 
trees,  and  the  collection  of  monthly  leaf  samples  from  station  trees  and 
from  cooperative  fertilizer  test  trees.  Several  farmers'  meetings  were 
held  in  cooperation  with  the  Agricultural  Extension  Service,  at  which 
fertilizer  demonstrations  were  given.  A  one-day  coffee  institute  was 
attended  by  some  three  hundred  coft'ee  farmers.  Demonstrations  and 
discussions  included  results  of  investigations  on  fertilization,  pruning, 
and  weed  control. 

A  macadamia  variety  orchard  was  planted  at  the  station  as  a  source 
of  graftwood,  and  two  cooperative  seedling  plantings  of  400  trees 
were  set  out  for  future  selection  work.  During  the  year,  1,365  grafted 
trees  of  40  selected  varieties  were  grown,  packed,  and  set  out  in  maca- 
damia test  orchards  on  Kauai,  Maui,  and  Oahu.  Macadamia  grafts 
numbered  1,474,  and  2,000  rough-shell  and  1,500  smooth-shell  seed- 
lings were  planted  in  nursery  rows  for  rootstocks. 
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The  object  of  .'nocado  imx'stit^ations  is  to  select  good  \arietics 
which  will  fruit  when  ])resent  trees  are  not  bearing,  thus  carrying 
avocado  production  through  the  entire  }ear.  Toward  this  end,  ()0 
grafts  were  made  of  4  selected  varieties.  In  addition,  wood  for  600 
grafts  was  distributed  among  farmers  and  home  owners. 

Experiments  with  citrus,  mangoes,  strawberries,  and  taro  are 
receiving  attention,  drafts  of  5  selected  varieties  will  soon  be  made  on 
300  mango  stocks,  for  field  planting  next  year. 

In  addition  to  fruit  and  mit  investigations,  assistance  has  been 
given  on  the  Kapapala  cattle  feeding  test. 

Seven  acres  of  new  land  have  been  cleared  and  ])lanted,  and  a 
watershed  set  uj)  with  a  1 5,000-gallon  water  tank  for  irrigation  pur- 
poses. C  f'aliaii  I 

Poaniolio  Fanii 

Experimental  work  during  the  year  consisted  of  rei)!anting  7  acres 
of  papaya  and  4  acres  of  mango  trees,  developing  a  1-acre  nursery, 
and  planting  12  acres  of  potatoes,  a  small  Guinea  grass  plot,  and  a  sor- 
ghum test.  Experiments  begun  last  year  with  asparagus,  macadamia 
trees,  and  a  grass  garden  were  continued. 

In  cooperation  with  the  Soil  Conservation  Service,  the  front  sec- 
tion of  Poamoho  farm  was  terraced  to  prevent  extensive  erosion. 
Where  the  slope  was  moderate,  the  Alabama  (Nichols)  t\pe  of  terrace 
was  constructed,  with  a  broad,  shallow  channel  and  a  moderate 
mound  on  the  lower  side.  Terrace  outlet  channels  were  made  at  the 
ends  of  the  terraces. 

A  tractor  and  eciuipment  were  purchasecl  during  the  vear. 
(McDougalj 
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